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Los Angeles Aeronautic Meeting 


Five Sessions and ‘Twelve Papers Scheduled for Meeting, Sept. 
11 and 12, During National Air Races 


OUR technical sessions for the dis- 

cussion of aeronautic transporta- 
tion and design, a standardization con- 
ference, and a joint banquet of the 
Society with the National Air Race 
Association have been arranged for the 
Western Aeronautic Meeting by the 
Aeronautic Meeting Committee under 
the chairmanship of Glenn L. Martin. 
This event, which is only one of three 
National Aeronautic Meetings sched- 
uled for the coming season, is expected 
to be one of the most important aero- 
nautic events ever held by the Society. 
The selection of Los Angeles as the 
place of this meeting emphasizes the 
position that the West Coast has taken 
in aeronautic activities. 


PASSENGER TRANSPORTATION 


Because of the large number of air- 
craft-operating lines on the West 
Coast, the Passenger Transportation 
Session will perhaps be the most inter- 
esting of the four technical sessions. 
Papers on the subject are to be pre- 
sented by Harris M. Hanshue, of the 
Western Air Express Co., and by A. K. 
Humphries, vice-president and general 
manager of the Pacific Air Transport 
Co. The relation by these speakers of 
the experience gained by their compa- 
nies in the transportation of passengers 
should institute a new era in aero- 
nautic papers. The future of air 
transportation from a meteorological 
viewpoint will be discussed by Dr. Carl 
G. Rossby and Horace R. Byers, of 
the Daniel Guggenheim Foundation for 
the Promotion of Aeronautics. There 
is no question that the weather factor 
is a most important one in passenger 
transportation, and fundamental in- 
formation on this subject will be of 
great value to the aeronautic industry. 


METAL CONSTRUCTION 


Two papers dealing with metal con- 
struction are to be presented at the 
evening session on Sept. 11. The first 
is by Lieut.-Commander L. B. Richard- 
son, of the Naval Air Station at San 
Diego, and the second by H. V. Thaden, 
Vice-president of the Thaden Metal 
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Aircraft Corp. Mr. Thaden’s paper 
deals with the design of metal aircraft, 
while the subject of Commander Rich- 
ardson’s paper is The Maintenance of 
Duralumin Used in Naval Aircraft. 

A third paper will be presented at 
this session by George H. Prudden, 
managing director of the Prudden-San 
Diego Airplane Co., on Metal Airplane 
Construction Economics. 

Two papers discussing instrumenta- 
tion will be presented at the Wednes- 
day morning session on Sept. 12. The 
subject of the first, by C. S. Moody, 
of the Pacific Scientific Co., is The 
Latest Types of Aeronautic Instru- 
ments. In the second paper Dr. Clark 


Millikan will describe the new aero- 
nautic laboratory of the California In- 







THE PROGRAM 
Tuesday, Sept. Ll 


9:30 a. m.—Passenger Transporta- 
tion Session: Papers by 
Harris M. Hanshue, A. K. 
Humphries, Dr. C. G. Rossby 
and Horace R. Byers. 

p. m.—Standards Conference: 
Discussion of Commercial 
Aircraft Standardization. 

p.m.—Metal Construction 
Session: Papers by George 
H. Prudden, Lieut-Com. L. 

















B. Richardson and H. V. 

Thaden. 

Wednesday, Sept. 12 
9:30 a.m. — Instrument Session: 


Papers by W. P. Balderston, 
Dr. Clark Millikan and 
Commander E. E. Wilson. 
p. m.—Design Session: Papers 
by Mac Short, G. F. Vultee 
and Waldo N. Waterman. 


Saturday, Sept. 15 


Joint National Aeronautic Asso- 
ciation and Society Banquet. 


8:00 


stitute of Technology, funds for the 
equipment of which were provided by 
the Daniel Guggenheim Foundation. 


GENERAL DESIGN 


Mac Short, chief engineer of the 
Stearman Aircraft Co., will discuss the 
subject indicated by the title of his 
paper, The Design and Production of 
Commercial Aircraft, at the Wednes- 
day evening session. G. F. Vultee, 
chief engineer of the Lockheed Aircraft 
Co., is to give a paper on Methods and 
Materials Employed in the Fabrication 
of the Lockheed Vega Model, and 
Waldo N. Waterman, experimental 
engineer of the Bach Aircraft Co., will 
discuss the subject, Air Transportation 
Needs as Analyzed in Designing the 
Bach Air Yacht. 

A fourth paper at this session will be 
by Commander E. E. Wilson, who will 
discuss The Influence of Battle Tactics 
on Design Technique. Commander Wil- 
son is chief of staff to the Commander 
of the Aircraft Squadrons with the 
Battle Fleet. 

From the foregoing outline of the 
technical program, it will be appreci- 
ated that members who are privileged 
to attend the sessions at the Los An- 
geles meeting will obtain a great deal 
of valuable aeronautical material, be- 
sides having an opportunity to take 
part in a discussion of subjects that 


are of vital interest in the industry at 
this time. 


JOINT BANQUET 


On Saturday evening, Sept. 15, the 
National Aeronautic Association and 
the Society will hold a joint banquet 
at the Ambassador Hotel. The pro- 
gram for this will be announced in a 
special bulletin to be issued by the local 
S. A. E. Committee at Los Angeles. 


STANDARDIZATION 


No doubt the most vital need of the 
aeronautic industry today is the com- 
mercial standardization of materials 
and parts. Recognizing this, the S. A. 
E. Aeronautic Standards Committee, 
under the chairmanship of the Hon. 






























































Meetings Calendar 





Western Aeronautic Meeting 
Sept. 11 and 12, 1928 
Biltmore Hotel, Los Angeles 


Transportation Meeting 
Oct. 17 to 19, 1928 
The Robert Treat, Newark, N. J. 


Production Meeting 
Nov. 22 and 23, 1928 
Book-Cadillac Hotel, Detroit 


Eastern Aeronautic Meeting 
Dec. 6 and 7, 1928 
Chicago 


Aeronautic Operation Meeting 


January, 1929 
New York City 


Annual Dinner 
Jan. 10, 1929 
New York City 


Annual Meeting 
Jan. 15 to 18, 1929 
Book-Cadillac Hotel, Detroit 
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Chicago Section Meeting—Sept. 4, 1928 


Aircraft in Commerce—Lester D. Seymour, assistant general 

manager and chief engineer, National Air Transport, Inc. 

Maintenance of Aircraft and Aircraft Engines—E. P. Lott, 
manager of operations, National Air Transport, Inc. 





Cleveland Section Meeting—Sept. 29, 1928 
Outing 
Milwaukee Section Meeting—Sept. 12, 1928 
Summer Frolic—Golf, Horseshoes and Other Sports 


Followed by Dinner and Entertainment. 


Washington Section Meeting—Sept. 13, 1928 
Brakes—Speaker to be announced. 
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Edward P. Warner, has initiated a 
comprehensive program of standardiza- 
tion. At a conference on Tuesday 
afternoon the existing specifications 
and specifications now being formulated 
will be considered. At this conference 
there will also be presented papers in 
which the authors will discuss what the 
aeronautic industry has to learn from 
the standardization accomplished by 
the automobile industry and the needs 
of the aeronautic industry for stand- 
ardization. 


HEADQUARTERS HOTEL 


All the technical sessions and meet- 
ings are to be held at the Los Angeles- 
Biltmore, with the exception of the 
banquet, which will be at the Ambas- 
sador Hotel. Information regarding 
all the S. A. E. activities will be avail- 
able at an S. A. E. registration desk 
at the Los Angeles-Biltmore. Members 
who are contemplating attending the 
Los Angeles meeting should make hotel 
reservations immediately, as the city 
will be crowded by attendants at the 
air races. Members who are unable to 
secure reservations at the headquarters 
hotel should be able to obtain accom- 
modations at one of the following: 
Ambassador, Huntington, Mayfair, 
Van Nuys, Hayward, Rosslyn, Alexan- 
dria, and the Gates. Rates at the Los 
Angeles-Biltmore range from $5 to $8 
per day for single rooms. The other 
hotels, in the order named, charge 
from $6 to $1.50 for a single room and 
bath. 

RAILROAD FARES 


Summer-tourist railroad tickets are 
available until Sept. 30, good for the 
return trip until Oct. 31, with the 
privilege of stopovers at any points 
en route. The cost of such tickets to 
Los Angeles or San Francisco, going 
by the Santa Fe route and returning 
by the same or any other direct line, 
is: From New York City, $138.32; 
from Detroit, $101.70; from Chicago, 
$90.30. The cost of a lower berth in 
each direction is: New York to Los 
Angeles, $32.63; Chicago to Los An- 
geles, $23.63. 

As an example of the daily train 
service, members can leave New York 
City at 5:30 p.m., Sept. 3 and arrive 
in Los Angeles at 9:15 a.m., Sept. 7. 


THE COMMITTEES 


Members responsible for the Los An- 
geles meeting are Glenn L. Martin, 
chairman; Ethelbert Favary, E. D. 
Osborn, Edward P. Warner and Capt. 
L. M. Woolson, constituting the Aero- 
nautic Meeting Technical Program 
Committee. A local committee that has 
been appointed consists of Ethelbert 
Favary, chairman; Donald Hall, 
Charles Lienesch and William Water- 
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man, W. H. Fairbanks, F. C. Patton, 


J. J. Canavan, E. B. Moore, and L. M. 
Griffith. 


THE EXPOSITION 


In addition to the National Air 
Races, members will have an oppor- 
tunity to attend the Aeronautical Ex- 
position at Los Angeles. It is under- 
stood that almost every manufacturer 
of aircraft and aircraft parts and ac- 
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cessories in the Country will have an 
exhibit at this exposition. The Cali- 
fornia Air Race Association reports 
that more than 3200 applications for 
entry blanks have been received for 
the races. One hundred and sixty-five 
applicants have signified their desire 
to enter the Transcontinental Non- 
Stop Flight, as contrasted with only 
13 applications in 1927 when the meet- 
ing was held at Seattle. 


Transportation Meeting 


Seven Technical Sessions and Banquet Scheduled 
for Oct. 17-19 at Newark 


fin program for the National 
Transportation Meeting, to be 
held in Newark, N. J., is taking final 
form in the hands of the committee 
under the chairmanship of F. C. 
Horner. Sessions will be held on the 
morning and afternoon of each of the 
three days, Oct. 17 to 19, as well as a 
special session for the discussion of 
operation and maintenance principles 
on the first evening and a Transporta- 
tion Banquet on the second evening. 

An inspection trip will also be made 
on the morning of Saturday, Oct. 20, 
to the Holland Tunnel, where the plant 
and _ traffic-control methods will be 
studied. 

An entire session is to be devoted to 
the discussion of store-door delivery, 
a subject that is of great importance 
to everyone interested in automotive 
transportation. The principal paper 
will be presented by R. A. C. Henry, 
Director of the Bureau of Economics 
of the Canadian National Railways. 
The title of his paper is Canadian 
Store-Door Delivery of Today. Fol- 
lowing Mr. Henry’s paper, prepared 
discussion will be submitted by a num- 
ber of merchants and railroad author- 
ities. 

Closely allied with store-door deliv- 
ery is the subject of six-wheeled vehi- 
cles and legislation pertaining to their 
use. Ethelbert Favary, who is con- 
nected with the Moreland Motor Truck 
Co., of Los Angeles, in the develop- 
ment of six-wheel vehicles and has 
taken a prominent part on the West 
Coast in discussions as to the right 
to operate them on public highways, 
will give a paper on Highway Legisla- 
tion and the Six-Wheel Truck. A com- 
panion paper, discussing the subject 
from the viewpoint of highway devel- 
opment, will follow this paper. The 
committee in charge of the meeting 
plans to invite representatives of State 


highway commissions to attend this 
session and state their views. 

The West Coast will be represented 
in a session devoted to three service 
problems in motor transport. These 
problems, indicated by the titles: Edu- 
cation on and Prevention of Accidents; 
Is It Cheaper to Farm-Out Work or 
Maintain Your Own Repair Shop? and 
When Is the Proper Time to Trade- 
In the Old Truck?, will be discussed 
by E. C. Wood, of the Pacific Gas & 
Electric Co. Mr. Wood is vice-chair- 
man of the S. A. E. Operation and 
Maintenance Committee and chairman 
of the Subcommittee on Air-Cleaners, 
Oil-Filters and Shock-Absorbers. 

Members who heard Mr. Wood at 
the Transportation Meeting in Chicago 
last year will look forward to this ses- 
sion. The East has a great deal to 
learn from the West Coast in the mat- 
ter of truck operation and mainte- 
nance, and the Transportation Meet- 
ings are therefore serving a common 
good in bringing the East and the 
West together for the discussion of 
common subjects. 


Chicago Aeronautic Meeting 


HE Aeronautic Meeting Technical 

Program Committee is developing 
a comprehensive program for a two- 
day Aeronautic Meeting in Chicago 
during the National Aeronautic Expo- 
sition, the dates selected for the Society 
meeting being Dec. 6 and 7. More than 
50 subjects for papers are being con- 
sidered by the Committee, with a view 
to deciding on a technical program that 
will warrant the attendance of every 
aeronautical engineer in the Country. 
Only subjects of vital importance to 
the industry at this time will be listed, 
and leading authorities on each sub- 
ject will be included in the program. 











Chronicle and Comment 





Committee on Divisional Reorganization 


N compliance with the request made at a meeting of 

members of the Constitution Committee and other 
interested members of the Society, at the Summer 
Meeting in Quebec, President Wall and First Vice- 
President Strickland have asked a number of members 
to serve on a special committee to study the question of 
“divisional reorganization” of the Society. Back of this 
action lies the demand that has been made from time 
to time for specific representation on the Council of 
fields or phases of automotive engineering work, such 
as fleet operation, maintenance and service; body en- 
gineering; and production engineering, that are not 
specifically represented under the present organization 
of the officership and Council, and as a result of which 
fact it has been stated that there is an inconsistency 
in the officer and committee line-up in the Society. 

Those who have been asked to serve on this special 
Divisional Reorganization Committee are: 


F. E. Moskovics, Chairman 


Constitution Committee Chairmen 
V. G. Apple 
W. L. Batt 


E. P. Blanchard 


Sections Committee Chairman 

Finance Committee Chairman 

Production and Production-Meet- 
ing Committees Chairman 

Former Member Constitution Com- 
mittee 

Constitution Committee 

General Manager 

Past-President and Constitution 
Committee 

Past-President and Standards “ om- 
mittee Chairman 

Past-Chairman Detroit Section and 
Nominee for Councilor 

Past-President 

Past-President 

Past-President 

Operation and Maintenance Com- 
mittee Chairman 


F. F. Chandler 


J.C. Chase 
Coker F. Clarkson 
Howard E. Coffin 


H. M. Crane 
W. T. Fishleigh 
H. L. Horning 
John H. Hunt 


Charles F. Kettering 
R. E. Plimpton 


Norman G. Shidle Past-Chairman Pennsylvania Sec- 
tion 

W. R. Strickland Nominee for President 

W. G. Wall President 

E. P. Warner Nominee for First Vice-President 


J. F. Winchester Meetings and Research Committees 


A Wealth of Material 


NE of the evidences of the great activity in motor- 
vehicle and aeronautic engineering fields at the 
present time is the increased volume of papers and 
‘ discussion received by the editorial department of THE 
JOURNAL. So much good material has been available 
that the problem has been to find space for all that 
should be published, without making each issue of THE 
JOURNAL too large. More papers and discussion are 
now in hand than can be published in the next two 
issues. With the opening of next season’s National 
meetings with the first Aeronautic Sessions in Los 
Angeles in September, and the resumption in October 
of the Section meetings, which will start a flow of new 
papers and discussion, it will be possible to print only 
papers of high merit that deal with timely subjects. 


This situation may be expected to create competition 
among the Sections to secure the presentation at their 
monthly meetings of papers of such excellence that they 
will find a place in THE JOURNAL in company with the 
best papers given at the National meetings. 

A number of new interests in the Society are pregs- 
ing for representation through papers and discussion in 
the official organ of the Society. These, in addition to 
the extraordinary development of interest in aeronau- 
tics, include increased activity in motorcoach engineer- 
ing, radical ideas that are coming forward in automo- 
bile engineering, the growing importance of fleet 
operation and maintenance, and the need for giving at- 
tention to the problems of production engineering. 

Whereas several years ago a single day’s sessions 
sufficed for an annual Aeronautic Meeting of the So- 
ciety, three National Aeronautic Meetings have been 
planned for next season, to extend over four days or 
more in all. Similarly, the Transportation Meeting 
three years ago occupied two days, but three days are 
to be allotted to it next fall. In 1925 three days were 
enough for the Annual Meeting of the Society. Cur- 
rently it occupies four days. 

The Sections have been expanding their activities in 
a somewhat different way. The Detroit and the Cleve- 
land Sections began by holding production meetings 
between the times of their regular monthly meetings. 
Last winter the Detroit Section started a new move- 
ment by organizing a Body Division and an Aeronautic 
Division. This innovation may extend to other Sec- 
tions. 

Another development that has increased the number 
of papers coming to THE JOURNAL is the tendency of 
the Sections to have presented at their monthly meet- 
ings a group of several papers on a given general sub- 
ject. President Wall feels it would be better to have 
one paper of prime merit at a meeting, prepared dis- 
cussion on different phases of the subject, followed by 
extemporaneous discussion, being presented. 

One means that is already being tried for relieving 
to some extent the pressure on the available space in 
THE JOURNAL is the separate mailing in mimeograph 
form of some of the papers that are of special interest 
to production engineers and operation and maintenance 
engineers and executives. Considerable encouragement 
has attended the issuance of the first paper in this form, 
entitled Importance of Chassis Lubrication and Tight- 
ening, by D. R. McBryde. One large company has dis- 
tributed this paper among its service organizations in 
this Country and in 18 foreign countries. Copies of the 
paper are available at the office of the Society to any 
other members who desire them. 


Chase Wins Tennis Championship 


NHE final match of the Men’s Single Tennis Tourna- 
ment, which could not be played off at Quebec, was 
played at the West Side Tennis Club at Forest Hills, 
Long Island, on the afternoon of July 30, Herbert Chase 
winning the championship by defeating J. P. Nikonow 
3—6, 7—5, 6—4. The score does not indicate the close- 
ness of the match, Nikonow leading in the second and 
third sets until after a hard battle. 
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The Airplane in Canadian Exploration 


By A. M. Narraway! 


Sem1-ANNUAL MEETING PAPER 


NE of the occasions in a lifetime which is really 
() appreciated is an opportunity to give some public 
recognition to those workers who are building 
permanently and efficiently so that others depending 
upon that building can also build a firm structure. I 
am, therefore, grateful for the opportunity to present 


Illustrated with PHoroGcrarus 


is in connection with mapping from aerial photographs. 
Mapping naturally is the starting point of all investiga- 
tions of any natural resource. No country would go 
very far in developing forestry or mining, for example, 
without a map, which is a catalog or directory of the 
main features of a country, upon which one can build. 


this paper. 

The title offers a very wide 
scope for any writer in a 
country such as Canada, 
where there remains so much 
undeveloped, unmapped and 
unexplored territory. The 
phase of the exploration by 
airplane to which I wish to 
refer is that which relates 
to the investigation and de- 
velopment of Canada’s 
natural resources, more com- 
monly referred to as aerial 
surveys and aerial investiga- 
tions. 

First, it must be under- 
stood that settlement in 
Canada has been along a 
comparatively narrow fringe 
more or less adjacent to the 
boundary between it and the 
United States. The area of 
this fringe does not exceed 
20 per cent of the entire area 
of the country. This 20 per 
cent consists of the prairies 
of Western Canada and the 
farms and settlements hewn 
out of the bush by our ances- 
tors, as long ago in many 
cases as Champlain’s time. 
Four-fifths of this large 
country remains to be ex- 
plored and mapped. 

Second, it may be neces- 
sary to point out that this 
northern four-fifths of the 
country yet to be developed 
is a storehouse of nature. It 
probably would be correct to 


Say that this area contains 


natural resources. 


four-fifths of Canada’s 
Hence, it can be readily understood 


Canada has been settled only along 
a narrow fringe next to the United 
States; to the north is a vast unde- 
veloped area of which accurate maps 
did not exist a few years ago. 

The spectacular achievements of 
the aviators of other countries, typi- 
fied by the racehorse, have been 


matched by the mapping exploits of 
typified by the 


Canadian aviators, 
workhorse. 

Aviators cannot be expected to do 
the whole work of aerial surveying. 
The results are obtained by a division 
of labor, with experts in geology, for- 
estry and other branches as well as 
aviation. 

Descriptions are given of the 
method of taking the photographs, 
which differs from other photographic 
mapping-methods; of plotting the 
data on a map; and of preparing type 
maps showing the condition of the 
lumber resources of a region. 

Water-power development is a new 
and very important field for photo- 
graphic investigation. The sources 
of a stream can be _ investigated 
readily, and the most suitable dam 
sites can be determined with ‘cer- 
tainty. The study of geology and the 
location of roads and railroads are 
among the many other uses to which 
aerial surveys are adapted. 





But aerial mapping, or aerial 
surveys, go much further 
than mapping; for the aerial 
photograph is a true image, 
or bird’s-eye view, of the 
country itself. No matter 
how inaccessible such coun- 
try may be to the forester, 
the geologist, the capitalist, 
and to all who are interested 
in the development of its re- 
sources, the sound develop- 
ment of a resource is in a 
direct ratio to the knowledge 
and the availability of that 
resource. The _ objective, 
therefore, of aerial explora- 
tion or aerial surveys in 
Canada is the searching out 
and building up of a knowl- 
edge of our resources. 

We all have followed the 
development of flying 
through its various stages 
since, scarcely a generation 
ago, man first succeeded in 
manipulating an airplane in 
the air for a few hundred 
feet. With an almost over- 
night development we have 
seen it evolve into an indis- 
pensable instrument of war, 
then almost immediately be- 
come an agency of wide di- 
versity of peace-time appli- 
cation in mail and passenger 
carrying, mapping, dusting 
crops and timber, and fire 
patrolling; and later, espe- 
cially during the last year, 
we seemed to be rushed into 


a series of long-distance flights, traversing the North 


why a field exists in Canada that probably is unequalled 
in any other country, for the useful and economical 
application of aircraft. 

A Map Is A KEY 


The first purpose to which the airplane has been put 
in this country, after its use as an agency of transport, 





‘Assistant director and chief aerial surveys engineer, Topo- 
8raphical Survey of Canada, Ottawa. 


Pole, spanning the Atlantic, reaching India, the Far 
East and the Hawaiian Islands; until, finally, a visit 
to the South Pole is now being planned. 


CANADA’S CONTRIBUTION TO AVIATION 


In view of the widespread publicity that has attended 
these long-distance flights, nearly all of which have been 
conducted or attempted by fliers of other countries, 
Canada’s contribution to the development of the use of 
aircraft has not been fully appreciated. It is true that 
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she has not sent planes to 
the North Pole or across the 
Atlantic. Money has not 
been available, fortunately, 
we think, for undertakings 
of this kind. Yet Canada 
has attained a leadership in 
at least one branch of avia- 
tion—that of aerial survcys 
and air investigations. Why 
do we not hear more of her 
achievements? I think it 
can be explained best in this 
way: Canada has been de- 
veloping the workhorse, not 
the racehorse; the effective, 
not the spectacular; a work- 
horse which, as I hope to 
demonstrate, is making his- 
tory, and it shortly will be 
recognized universally as 
one of the most potent fac- 
tors contributing to the de- 
velopment of this country. 
In place of the record 
flights across the Atlantic, 
Canada points to the record 
of photographing, within 
five years, of more than 
200,000 square miles of 
hitherto inaccessible coun- 
try that is richly endowed 
with natural resources. 
Such an accomplishment is 
equivalent to eight flights 
completely around the world, 
with a photograph of every 
foot of the way. For that 
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so on during the season; 
working over courses un- 
charted, over regions un- 


trod, yet over areas of untold 
wealth. There is no excite- 
ment, no glamour, no broad- 
casting of the day’s work; 
but, notwithstanding its 
seeming dullness, it also has 
won a ribbon and has hung 
up a record which places 
Canada in the foreground 
of aerial development. A 
record of achievement? Yes; 
but, to Canadians, the other 
interpretation of that world 
record is the thing of im- 
portance. Canada’s work- 
horse has brought to the 
hand of the geologist, the 
engineer and the citizen at 
large a real record in the 
photograph of the country 
itself, in black and white, 
for all to read. 

And so, while Canadians 
have seen and appreciated 
the brilliant achievements of 
the fliers of other countries, 
they have looked, from force 
of circumstance if you will, 
to their own workhorse; for 
its achievements have moved 
at least one generation 
ahead the development of 
Canada’s resources, and the 
airplane can be seen actually 
playing a vital part in de- 


brilliant North Pole flight, This Is a Part of the Manitoba-Ontario Boundary Line. veloping a huge country and 
Canada points to the aerial Note the Concrete Monument, Transit Station Platform, enabling it to take its plaus 
protection from fire of ap- the cm eae tg ony nde pen iiae= 9 t he cut as one of the nations of the 
prox imate] y 200,000,- Bradburn Lake. This Cut Shows a Typical Stand of world. 


000 acres of forested lands 
each year. For the Hawaiian 
Islands flight, Canada points to the type-mapping of 
timber to an extent of over 30,000 square miles of al- 
most completely unmapped country in one season. For 
the Flight to India and the Far East, Canada points to 
the words of a geologist who says: “Such work has en- 
tirely revolutionized the geological survey’; or to the 
words of an eminent consulting mining-engineer of Los 
Angeles who used the aerial map on a recent visit to 
The Pas mineral district in northern Manitoba and 
said: “I know of no initial step in the examination of 
the geological resources of the country better than the 
mapping that is being done by aerial surveys,’ and: 
“In all my experience I never have seen a map equal to 
the map of that area.” 

The comparison of our workhorse to other countries’ 
racehorses is not designed to undervalue the brilliant 
achievements of other countries. One follows the de- 
velopment and activities of the racehorse with the keen- 
est interest—the preparation for the race, the excite- 
ment, the anxiety, and finally the grand finish; a new 
record attained. a new ribbon added. But Canadians do 
not forget that horse of their own—out early in the 
morning, working all day, at it again the next dy, and 


“ 


Timber 


So vital a part is the air- 
plane playing in the develop- 
ment of their country that Canadians are looking to 
the automotive engineers to provide airplanes capable 
of giving the performance that will enable the fliers to 
carry out their onerous duties with efficiency and all 
reasonable safety. 

No discussion of any phase or application of air de- 
velopment would be complete without some special! refer- 
ence to the cooperation of the airman, or, in Canada, 
to the officers of the Royal Canadian Air Force. I 
should like to make very clear the airman’s position in 
relation to the development of aerial surveys and in- 
vestigations in Canada, both in fairness to him and to 
explain why Canada has made such marked progress 
with this work. 

At the conclusion of the Great War we all heard 
statements that the airplane and aerial photographs 
would so revolutionize investigations that the surveyor 
or the ground man would be eliminated. The absurdity 
of this statement now seems so obvious that it may be 
wondered why it has been mentioned. Unfortunately, 
many people seem to be carrying on still under such a 
system, expecting remarkable results from aerial work. 
They expect the pilot to map, to classify timber, to locate 
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railroads and to do other work of this nature, and they 
wonder why the plan does not seem to be successful. 
One hears the statement that the Air Force has mapped 
this and has investigated that. Nothing could be 
farther from the truth or more unfair to the pilot than 
such a reference, nor could there be any more absurd 
application of aircraft. Fortunately, in Canada this 
situation was detected in time and corrective measures 
were taken. 


PILOTS AND SPECIALISTS WORK TOGETHER 


Canada looks to the Air Force to equip a suitable 
airplane; to send it into the air every day that is suit- 
able for photographing, of which there are only about 
25 or 30 in a season; to get it to a definite altitude, 
and keep it there for the full period of photographic 
light. The pilot must fly a straight line over unmapped 
country. He must keep the plane level, at an even keel. 
and at a constant speed. Canada expects a great deal 
from its pilots, as these requirements are exacting. But 
Canada does not expect the impossible; she does not 
ask the pilot to be a geologist, a surveyor, a water- 
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power engineer and a forester combined. She does not 
ask him to classify soils or to locate a railroad, nor does 
she condemn aerial surveys because he cannot do all 
these things. 

Canada says to the Air Force: “You meet the flying 
requirements, our experts will use your planes as a quick 
agency of transport over inaccessible areas, and to get 
a bird’s-eye view of the country, and will use the aerial 
photograph.” And so Canada has developed an efficient 
airman for air duties and has trained its investigator— 
be he geologist, forester, surveyor,-or other expert—to 
use the airplane much as he uses any other instrument. 
Hence her leadership in this field of aerial investiga- 
tion. 

One looks at a paper plant in the outskirts of a city 
and notes the hum of the machines and the air of activity 
in such a plant, giving employment to thousands of 
people and shelter and food to their families and gen- 
erally contributing to the welfare of that city. Un- 
fortunately, it does not occur to him readily that this 
scene is possible only because of the certain knowledge 
that, away up beyond in the areas shown blank on the 


Fic. 2—PLOTTING FROM OBLIQUE AERIAL PHOTOGRAPHS 


Upon the Oblique Aerial Photograph a Grid Is Superimposed, 
Drawn in Perspective To Correspond with the Perspective of the 
Photograph. The Information Is Then 


Transferred 
Square to the Map Plot, the Latter 


Having 


Square by 


Been Ruled into 


Similar Natural Squares. This View Is Taken from an Elevation 
of 4000 Ft., with a Focal Length of 8.264 In. The Distance from 
Ground Plumb-Point to Grid Center Is 153.92 Chains. The Ap- 
parent Horizon Is Indicated on the Engraving 
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Fic. 3—AERIAL PHOTOGRAPH OF FORESTED AREA 
This an 


From a Series of Photographs Such as Aerial 


bility 


map, there exists raw material sufficiently available and 
abundant to maintain such a plant. I say “unfortun- 
ately” because, when investigators and mappers are 
outfitting to explore these blank spaces, they have diffi- 
culty in convincing the public that the comparatively 
far-away places are of vital importance to them, and 
are not so far away after all. 
How THE KNOWLEDGE Is USED 

As the forester now increases his knowledge of the 
timber in these spaces, known as the hinterland, he is 
able to recommend the building of other plants in the 
same district; just how many more depends upon the 
knowledge he may be able to obtain of further timber- 
resources in the blank spaces adjacent to the district. 
This is true for all other districts lying on the borders 
of the hinterland of Canada. These blank spaces exist 
on the map solely because bush areas are difficult of 
access by ordinary ground methods often involving cuts 
through the forest, like that shown in Fig. 1, and are 
very expensive to investigate. Hence, the first field for 
the airplane, which knows not the difficulties of the bush 
for the ground man. It changes an investigation from 
1 or 2 m.p.h. to a speed of 70 or 100 m.p.h., at the same 
time giving the investigator a comprehensive bird’s-eye 
view of the whole area under examination, recorded 


Map Can Be Made That Shows the Nature, Location, Extent and Accessi- 
of the 


Forests 


accurately and completely by the camera in the plane. 
A similar service is rendered to the water-power en- 
gineer, the geologist, the surveyor, and other investi- 
gators. 

Until about 40 years ago, mapping in Canada was 
confined almost solely to charting main waterways or 
main routes to give access in a big way. Since then, 
detailed mapping—or mapping which can be considered 
to be serviceable to timber protection and develop- 
ment, geology and water-power—has been carried out 
on the prairies of Western Canada and in other more 
settled parts of the country. In all, approximately 
240,000 square miles have been so mapped. Very little 
has been done outside settled areas; in fact, a map 
showing the progress of the work in Canada would be 
very largely coincident with the settled portions of 
the country. 

Looking at a map made from aerial photographs, it 
will be seen that, during the five years in which this 
work has been carried on, more than 200,000 square 
miles have been covered. It will be noticed, also, that 
almost all of this large area lies outside settled regions, 
in those areas hitherto regarded as inaccessible. The 
word “inaccessible” has been removed, respecting these 
areas, and we have in its place a map, complete and 
reliable in detail as to topography, with a photograph 
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underlying every part of it, revealing the character of 
the land for a study of its resources. 

The first experiments in aerial surveys in mapping 
Canada’s hinterland were made in northern Manitoba, 
in what is known as The Pas mineral area. So striking 
were the differences between the aerial map and the 
former map that it was apparent at once that the 
experiments were worth continuing. It is of interest 
to note that, in this area which was supposed to be fairly 
well known, more than 800 lakes were added to the map, 
which also showed rock exposures in the heart of the 
woods to direct the footsteps of the prospector and the 
geologist. As a matter of fact, the aerial map and the 
aerial photograph so portrayed the country that the 
geologist was able at once to delete the waste areas from 
his investigation and proceed directly to the study of 
the geology. 


MAKING PHOTOGRAPHS FOR MAPPING 


The method of making a map in a hinterland district 
is strictly Canadian and peculiarly adapted to this coun- 
try. A camera, capable of taking 7 x 9-in. pictures 
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automatically, is mounted over the nose of the airplane, 
the engine being mounted out of the way in the wings. 
The camera operator, standing in the front cockpit and 
having free vision ahead, takes a perspective photograph 
straight ahead; and then, rotating the camera to the 
right and to the left, takes photographs on either side 
of the line of flight. Thus he obtains pictures in sets 
of three showing the country for a full 180 degrees. 
These sets are repeated at intervals of 2% to 3 miles. 
This close interval assures an ample overlap between 
consecutive sets of photographs, which makes it pos- 
sible to carry the scale of one set into the next succeed- 
ing set, and so on across a long distance between 
measured traverse lines. 

The plane is flown at an altitude of 4000 to 5000 feet 
above the terrain, in parallel flights about five miles 
apart, across the entire area to be covered. Utilizing 
the abundant overlap between consecutive photographs, 
a straight line is projected between common points 
identified on the photograph from the first picture 
through to the final photograph on a flight line. This 
straight line is easily picked up at its ends, as it 


Fic. 4—AERIAL PHOTOGRAPH OF WATER-POWER SITE 


This Photograph Is of the White Dog Falls on the Winnepeg River in Ontario, near the Manitoba Boundary. 
Photographs under a Spectroscope Brings Out the Contour of the Land in Relief 


Viewing Adjacent 
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usually crosses main or accessible waterways, and is 
“tied in,” to use a surveying expression, by a ground 
surveyor who traverses these waterways. The fixation 
of these terminal points fixes in turn every photograph 
along the entire course of the flight, which may be 100 
miles long. In early days, now nearly forgotten, our 
reliable washwoman attached one end of the clothes- 
line to the shed and the other end to a neighbor’s fence, 
and then she knew that every article of clothing was 
fixed in position. This is the result obtained when the 
ground surveyor fixes each end of the line of flight. 


How THE Map Is PLOTTED 


The next step is to plot or transfer to a map the in- 
tricate mass of detail visible in the various photographs. 
This result is accomplished by superimposing on the 
photograph a system of small squares ruled on glass, 
corresponding in perspective to that of the photograph, 
as shown in Fig. 2, and then transferring the informa- 
tion square by square to a map that has been rulea 
previously into similar natural squares. In this simple 
way the map of the whole area is built up, square by 
square, photograph by photograph. This map shows 
all essential information—relating to lakes, waterways, 
roads and other important culture—completely and 
truthfully, regardless of the fact that the ground man 
has entered the territory only along main waterways 
which may be separated by 50 or more miles. 

A comparison of the aerial map with the best avail- 
able map preceding it will reveal the wealth of detail 
that has been added. On many map-sheets we have 
found that mere than 2000 lakes have been added. The 
value of such a map to the prospector, geologist, for- 
ester, or other investigator is obvious. With a study 
of the photograph, it enables him to go directly to his 
objective, knowing that he has a correct base-map upon 
which to record any notes or information he acquires. 
Thus we have the first real contribution of the aerial 
photograph to the investigation and the development 
of natural resources. 

It is well known that Canada’s forest resources are 
enormous, and every effort is being made to search them 
out and to study carefully the best means of penetra- 
tion and development. An aerial photograph is in- 
valuable to the forester, and from it he is able to obtain 
an increased knowledge of available raw-material with 
a dispatch, a certainty and a finality that cannot be had 
otherwise. A photograph like Fig. 3 gives evidence of 
the quantity and quality of the timber. Fortified by 
an aerial map showing the location, extent, and accessi- 
bility of forests, the forester is enabled to assume the 
responsibility of recommending the establishment of 
pulp and paper plants and other consequent expenditure. 

From the aerial photograph, what is known as a type 
map is prepared. The useful or merchantable timber is 
shown by one color. Another color designates the young 
stands, another the burns, and other colors single out 
the swamps, water areas, and other information of im- 
portance. Such a type map at once enables the forester 
to direct the fire-protection planes to the useful areas 
and enables an efficient fire-protection system to become 
effective. From the type map the forester obtains all 
the essential information on how to develop the mer- 
chantable timber and get it out to the mill. 

So successful has this application been that last year 
alone we were called upon to produce type maps for 
more than 35,000 square miles of forested land. 





Perhaps the greatest advance in the aerial-surveys 
field during the last year is the application of the photo- 
graph to the investigation of water-power resources, 
The water-power engineer must have a definite knowl- 
edge of the water possibilities of any given district be- 
fore he can assume the responsibility of recommending 
financial outlays. To gain knowledge such as is shown 
in Fig. 4, he must see beyond the settlements near the 
mouths of our rivers, away back to the headwaters of 
the streams. 

These headwaters are about as difficult of access for 
surveying as possible. They are among swamps and 
muskegs and thick bush. However, these handicaps to 
the ground investigator are nothing to the aerial photog. 
rapher, and the establishment of the drainage area of 
a stream is not difficult for him. The river, with all its 
branches, even to the little contributing streams, stands 
out prominently, especially when viewed under the aerial 
stereoscope, and it is easily mapped. 

Having determined the drainage area of a stream, 
the next problem is to locate suitable areas where the 
freshet waters may be impounded in reservoirs to pre- 
serve a continuous supply of water and a constant head. 
Further, this impounding of water necessitates the loca- 
tion of suitable and economical dam sites. The erection 
of dams causes a flooding of land, including good tim- 
bered areas and, in some cases, valuable farm lands; 
and so, before constructional work can proceed, the 
actual flood-line must be determined. 

If aerial surveys could be considered as being pecu- 
liarly adapted to some one purpose, the location of 
storage areas, dam sites and flood lines would surely 
be regarded as its particular function. 


THE PROBLEM OF INDEXING 


In endeavoring to meet the heavy demands that have 
been made for aerial surveys, we have taken approxi- 
mately 172,000 photographs during the five years of 
existence of this new science. Last year about 50,000 
pictures were added. The indexing of those photographs 
is a heavy task, if chaos is to be avoided. 

Curiously enough, a suitable indexing system was 
worked out, in a sense, by Aerial Surveys itself. Up 
to the introduction of this new science, Canada did not 
have a national map. This was because such a large 
proportion of the country was impossible to map 
economically by ordinary ground-methods, so that only 
maps of areas of special importance could be attempted. 
The initiation of aerial surveys made possible the intro- 
duction of Canada’s National Map, based upon latitude 
and longitude, giving uniformity and coordination 
throughout the length and breadth of this great coun- 
try; a structure of permanency, each map-sheet fitting 
its neighbor snugly, as one story of a structure fits 
to the next. Here was our index for the photographs, 
which changed the prospect of chaos into rigid order. 

If I may assume the roéle of a prophet, I shall pre- 
dict that the mists of ignorance which now cloud so 
much of Canada’s hinterland will be dispelled in the 
near future by aerial-survey methods. In the place of 
stories based on tradition, accurate knowledge of the 
resources will be obtained and sound principles of con- 
servation and development can be adopted. The aerial 
maps will show the country as it is, and the aerial 
photographic library will be a storehouse of informa- 
tion available to all who are interested in any locality 
or in any resource. 
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The Influence of Fuel Characteristics 
on Engine Acceleration 


By Donan B. Brooks? 
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ELECTION of a method and development of ap- 
paratus enabling precise and detailed measure- 
ment of engine acceleration is discussed in the first 
portion of this paper, the latter portion of which is 
concerned with the experimental results thereby ob- 
tained. 

Previous work on the influence of engine conditions 
on acceleration is generally substantiated. A method 
is described for approximately deriving the effective 
air-fuel ratio delivered to the cylinders during ac- 


on the Utilization of Present Fuels in Present 

Engines requested the Bureau of Standards to 
undertake research in connection with a “more miles 
per gallon” movement initiated by the Committee. The 
program as outlined included measurements of engine 
performance under conditions of both steady running 
and acceleration. 

In making tests incident to this work, a method for 
measuring acceleration was devised, as reported to the 
Society in papers’ by W. S. James, Dr. H. C. Dickinson 
and S. W. Sparrow, which was used with but very 
minor modifications until the first of this year. This 
consisted essentially of operating the engine at light 
load and low speed, suddenly opening the throttle fully, 
and noting the successive readings of a chronometric 
tachometer until a certain predetermined higher speed 
was reached. Readings were taken also with a chrono- 
graph, which recorded time and engine revolutions. 
This latter apparatus was not used in subsequent work. 
Results were expressed as speed-time curves. 

With the organization of the Cooperative Fuel Re- 
search, in the summer of 1922, came further work on 
acceleration, with especial reference to the effect of 
fuel volatility. This work was first done on the road, 
using two makes of car, and was reported to the Society 
in papers by R. E. Carlson‘ and Roger Birdsell’. A 
graphic record of car-speed changes during runs was 
obtained by connecting a pen movement to a Van 
Sicklen chronometric tachometer. The conclusion 
reached was that the effect of the fuels on acceleration 
was not measurable by road test. Laboratory tests, 
however, did show decided differences in acceleration 
results between fuels which differed in volatility but 


tne May 1, 1920, the Committee of this Society 





1Published by permission of the Director of the Bureau of 
Standards, City of Washington. 

2 Jun. S.A.E.—Research associate, automotive laboratory, Bureau 
of Standards, City of Washington. 


See THE JOURNAL, August, 1920 p. 131; and January, 1921, 
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Dp. 3. 

*See THE JOURNAL, February, 1923, p. 139. 

5See THE JOURNAL, March, 1924, p. 267. 

®*See THE JOURNAL, March, 1924, p. 271. 

™See THe JOURNAL. August, 1927, p. 184. 

Sse Bulletin of the American Petroleum Institute, Jan. 31, 
1928, p. 74. 


celeration, practical applications are suggested, and 
limitations are discussed. 

The effect of fuel volatility on engine acceleration 
was studied, using six fuels: Aviation gasoline; com- 
mercial gasoline; a blend composed of equal parts of 
the two; and three especially prepared fuels, all of 
which have equal 20 and 90-per cent points but differ 
widely at the 50-per cent point. It is shown that the 
relative values of these fuels for. acceleration depend 
upon the amount of vaporization in the manifold. 


had nearly the same initial point. As an appendix to 
Mr. Birdsell’s paper, a mathematical discussion* was 
given by Mr. James of the design of the inertia dise used 
in laboratory tests to simulate the inertia of the ear. 

On Dec. 4, 1925, the Steering Committee of the Cn- 
operative Fuel Research recommended that 


The study of engine starting, which has thus far 
dealt with the obtaining of the initial start, u!timately 
should cover the behavior of the engine during the 


warming up period, particularly as regards accelera- 
tion. 


As a preliminary to this, a general study of engine 
acceleration was made, as reported by J. U. Eisinger’, 
using a chronometric tachometer. This work showed 
decided differences in initial lag under different con- 
ditions and, to a less degree, differences in acceleration 
can be inferred from the speed-time curves shown. In 
the course of this work, however, it was desired te de- 
termine the acceleration obtained with each of three 
fuels whose 20-per cent and 90-per cent points were 
identical but whose 50 per cent points were widely dif- 
ferent. This work was reported® by R. Best and J. O. 
Eisinger. The results obtained were not sufficiently ac- 
curate to enable conclusions to be drawn. Since the 
chronometric-tachometer method of obtaining. speed- 
time curves had been used and improved for over 7 
years, it was believed that better results might be ob- 
tained by employing new methods than by attempting 
further to improve the existing installation. A study 
of possible methods was therefore made. 


METHODS FOR MEASURING ENGINE ACCELERATION 


Acceleration is the rate of change of speed, or the 
rate of change of the rate of change of position. Mathe. 
matically it is the first derivative of velocity with re- 
spect to time, or the second derivative of displacement 
with respect to time. Obviously, therefore, there are 
three possible ways of obtaining acceleration: 


(1) By direct measurement 
(2) By measuring speed and time 
(3) Ly measuring displacement and time 
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The first of these methods utilizes the fact that, when 
a potential varying directly with speed causes energy 
to flow into capacity, the rate of flow is proportional 
to the acceleration. This principle applies equally to 
mechanical, electromagnetic, or electrostatic means. In 
the mechanical application, kinetic energy of rotation 
may be stored in the inertial capacity of a metal disc 
connected to the source of power by a flexible shaft, 
the torsional twist in the latter being proportional to 
the rate of flow of energy into the disc. The electro- 
magnetic application may be made by measuring the 
induced voltage in the secondary winding of a trans- 
former when the primary winding is connected to a 
direct-current magneto-generator driven by the engine. 
Similarly, the electrostatic application consists in 
measuring the current flowing into a condenser from a 
direct-current magneto-generator connected to the 
engine. The limitations of these electrical methods are 
stated in a book’ by George Keinath. The mechanical 
application has been tried in several forms by the 
Bureau, but it was abandoned because of friction diffi- 
culties. 

An illustration of the second general method is an 
electrical tachometer, which is essentially a voltmeter 
connected to a magneto generator that is driven by 
the engine. This instrument gives instantaneous speed, 
from which a speed-time curve can be obtained. It is 
possible to obtain the acceleration by differentiating 
this curve. 

A chronometric tachometer is essentially a displace- 
ment-time indicator. It counts engine revolutions 
during a certain period, then indicates the sum on a 





*See Die Technik der Elektrischen Messgerite, 


second edition, 
pp. 426-429; R. Oldenbourg, Munich. 





Fig. 1—LABORATORY SET-UP FOR ACCELERATION TEST<s 
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scale calibrated in revolutions per minute. From the 


speed-time curve thus obtained, a single differentiation 
gives acceleration. It is important to note, however, 
that an approximate numerical differentiation of the 
measured displacement-time has already been made by 
the tachometer. Thus two differentiations have to be 
made to obtain acceleration from the data, which greatly 
magnifies the errors inherent in the instrument. The 
errors of numerical differentiation are treated in Ap- 
pendix 1. 

An adaptation of the displacement-time method, 
which has been adopted for use in this investigation, 
consists in driving a paper tape at a speed proportional 
to the engine speed and discharging a spark through 
the tape at equal time-intervals. A displacement-time 
record is thus obtained, the second derivative of which 
gives the acceleration. 

One reason for selecting this particular method ig 
that the absolute measurements involved can be made 
with sufficient precision to permit of double differentia- 
tion and still yield results of the desired accuracy. 
Further increase in precision can be obtained by in- 
creasing the distance traversed per unit of time. 


DESCRIPTION OF APPARATUS 


The test equipment, which has been described by 
Mr. Eisinger in his paper to which reference has been 
made, consisted of a 1926 passenger-car engine coupled 
to a Sprague electric dynamometer, the electrical and 
inertial loads applied being such as to simulate level- 
road direct-gear driving-conditions. The setup is showr 
in Fig. 1. The manifold was jacketed and all tempera- 
tures were measured by thermocouples. The carbureter 
as used had only main and idle jets, the economizer and 
the accelerating well being 
blocked off. During con- 
stant-speed runs for deter- 
mining air-fuel ratio, fuel 
was measured volumetrically 
and air by means of orifices 
in thin plates mounted on a 
box attached to the carbu- 
reter. Appendix 2 discusses 
the accuracy of this method. 

A device was used which 
permitted the throttle to be 
opened only at a _ definite 
point in the cycle of the en- 
gine, assuring starting the 
acceleration run under simi- 
iar conditions each time. An- 
other device records the in- 
stant of throttle opening on 
the paper tape used in the 
accelerometer. 

The spark accelerometer, 
as originally constructed, is 
shown in Fig. 2. Sprocket 
A, driven by the engine, 
draws perforated paper tape 
between electrodes B, across 
which a spark is discharged. 
This spark is timed by 4 
half-second Mercer’ chro- 
nometer, not shown, which 
operates relay C, breaking 
the primary circuit of igni- 
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Fic. 2—ORIGINAL ELECTRICAL PANEL FOR TESTS 


This Panel Was Superseded by the One Shown in Fig. 5. A, 
Sprocket for Driving Paper Tape; B, Spark Gap; C, Relay; 
D, Spark Coil 
tion coil D. A diagram of the electrical connections 


ig shown in Fig. 3. 

Fig. 4 shows the first gear-train and clutch used to 
drive the sprocket A in Fig. 2. Four fiber-gears were 
used in the train, and relatively large errors were found 
to be introduced by the eccentricity of these gears. 

While temporarily using this apparatus, a study was 
made of the errors. These can be classified as: 


(1) Error of timing spark 

(2) Spark wandering, or not taking the direct course 
between electrodes 

(3) Error due to gear eccentricity 


By means of a quarter-second pendulum, the first 
error was evaluated as + 0.0007 sec. or + 0.14 per cent. 
By passing sparks with the engine stationary and set 
in successive fractions of a revolution, the second and 
third errors were evaluated; that of spark wandering 
being equivalent to +1.0 r.p.m. and that of gear eccen- 
tricity being roughly the same. 

The resultant probable error is the square root of 
the sum of the squares of these errors, and is given 
below, together with values directly obtained by con- 
stant-speed operation. 


_ Revolutions Calculated Resultant Observed Error, 
Per Minute Probable Error, R.P.M. R.P.M. 
300 +1.4 +1.3 
600 mat ie 
1000 +2.0 +2.0 


Attempts were then made to reduce each error. High- 
grade relays were obtained, and the customary plain- 
bearings were replaced with steel cones bearing on 
brass. The relay, shown mounted on the box in Fig. 
2, was mounted in a spring suspension, damped by a 
plunger immersed in oil, as shown in Fig. 5. This was 
found necessary to damp out engine vibration, which 
otherwise caused chattering of the relay clapper, with 
consequent multiple sparks. By this means the time 
error was reduced to +0.00042 sec. which seemed to 
be the limit for the chronometer. 





Eastman Ciné Kodak 16- 
mm. film leader-strip was 
then substituted for paper 
tape, in the hope that spark 
wandering would be re- 
duced with the more homo- 
geneous film. However, 
16,000 volts failed to punc- 
ture the  0.007-in.-thick 
film, jumping around it un- 
less the electrodes were im- 
mersed in oil. This line of 
attack has not been pur- 
sued further. 

A new gear-set was 
made, shown in Fig. 6, per- 

- mitting either direct-drive 


Chronometer 


4 ° 
x or 4 to 1 reduction. By 
fg this means, gear eccen- 
¥ tricity was practically 
Pa ° e . 
; a) eliminated when using the 
Fic. 3—ELEcTRICAL CON- train. When using direct 
NECTIONS FOR CHRONOME- drive, the error due to 


TER-TYPE SPARK-ACCELER- * ‘ 
OMETER spark wandering is found 

to be reduced to one-quarter 
of the value given for driving through the gears. 
The improvement in accuracy thus obtained was satis- 
factory, but certain phenomena were obscured by the 
half-second interval between measurements. To obtain 
shorter time-intervals, a tuning fork was substituted 
for the chronometer, the revised accelerometer being 
shown in Fig. 5 and the electrical connections in Fig. 7. 
As used in most of the subsequent work, the fork was 
loaded to give a frequency of 13.6 cycles per sec.; in 
certain runs the load was removed, giving a frequency 





Fic. 4—ORIGINAL GEAR-TRAIN 
This Train of Fiber Gears Was Used To Drive Sprocket A in 
Fig. 2 
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Fig. 5—IMPROVED PANEL FoR TESTS 
Tuis Panel Embodied Improved Electrical Units and a Spring- 
Suspended Vibratcr with Dash-pot, as Shown at the Lower Left 
or..er of the Box 


of 25.9 cycles per sec. At this latter frequency, the 
measurements are about twice as numerous as the 
cylinder explosions at the initial engine speed of 300 
r.p.m. The improvement in accuracy, however, was not 
sufficient to iustify the increased work involved in 
measuring and computing results. Apparently the time 





Fic. 6—Improvep GEAR-TRAIN FOR PAPER-SPROCKET 
This Gear Train Was Used with the Panel Shown in Fig. 5, Re- 


placing the Train Shown in Fig. 4. Improved Gears and Mount- 
ings Eliminated Inaccuracies from Eccentricity, and a Through 
Drive Was Provided 


September, 1928 No. 8 


error of the signals is neg- 
ligible in comparison with 
the spark wandering; as 
the error, computed as dis- 
placement, was +0.015 em. 
for both the 13.6 and the 


25.9 frequencies. This ig 
equivalent to a time error 
of +0.0005 sec. 
Displacement measure- 
ments have been made on 
a micrometer comparator, 
reading accurately to 0.001 
cm. It is intended, how- 
ever, to construct special 
apparatus as sketched in 
Fig. 8. The number of 





2 paper-sprocket revolutions 
3 is the quantity which must 
be known, it is therefore 
my more satisfactory to meas- 

ure this directly than to 
Fic. 7—ELECTRICAL CON- measure linear distances 


NECTIONS FOR TUNING- 
FORK TYPE SPARK ACCEL- 
EROMETER 


and reduce them to revolu- 
tions. This has been done 





Fig. 8—SKETCH OF PROPOSED MEASURING-APPARATUS 


by measuring the linear distance between eight perfora- 
tions, which distance corresponds to one revolution of 
the eight-tooth sprocket. The proposed instrument, 
moreover, can readily be made to read engine speed di- 
rectly in revolutions per minute if a known constant fre- 
quency of time signals is used. Thus, with a 1/6-sec. 
tuning-fork and direct drive on the sprocket A, Fig. 2, 
the scale on the disc of the measuring instrument must 
have 360 graduations for reading engine revolutions 
directly. This combination is recommended as giving 
sufficiently high frequency for most work; furthermore, 
a readily obtainable protractor graduated in degrees 
can be used on the measuring instrument. Probably it 
is not profitable to use frequencies much greater than 
6 per sec. in ordinary work on acceleration, as the influ- 
ence of each cylinder becomes quite noticeable at about 
12 per sec. From this work, however, nothing can be 
found which would indicate that it is impossible, by go- 
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Fic. 9—MAGNIFICATION OF SCALE BY CHANGING SPEED-TIME 
COORDINATES TO ACCELERATION-SPEED 


ing to much higher tape-speeds and frequencies, to ob- 
tain in effect a brake indicator-card; that is, to register 
the rise and fall of pressure in each cylinder. To do this 
at 200 r.p.m., a tape speed of 15 to 25 ft. per sec. and 
a fork having a frequency of about 300 per sec. would 
be necessary. Obviously such tests would be very 
laborious, an hour’s work being required for each second 
of operation. 


TEST PROCEDURE AND RESULTS 


In making a series of acceleration runs, the follow- 
ing test-procedure was used. The engine first was 
warmed up and the desired temperatures maintained. 
After roughly 20 min., an acceleration was made, start- 
ing a stop-watch at the moment the throttle was opened. 
Exactly 3 min. later another acceleration was made, 
and this process was repeated at like intervals there- 
after. No readings were taken of these accelerations. 
After about 14 hr., readings were taken on the chrono- 
metric estieanind for each acceleration. When these 
readings were found to repeat, within the limit of 
error of the tachometer, the desired runs were made 
with the spark accelerometer in operation. Whenever 
any test condition was changed, preliminary readings 
were taken on the chronometric tachometer until suc- 
cessive runs were consistent. The importance of main- 
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Fic. 10—ACCELERATION WITH VARIOUS MIXTURE- 
PROPORTIONS 


These Tests Were Run with Commercial Gasoline, with Manifold 
and Jacket Water at 30 deg. cent. (86 deg. fahr.) 
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taining a definite time-interval between runs was dem- 
onstrated in a series of runs to determine this point. 
Acceleration decreased rapidly as the interval was in- 
creased up to 2 min., was nearly constant between 2 
and 4 min. and became erratic beyond 4 min. 

Conditions during the idling period between runs 
were maintained constant, and all readings were taken 
at definite times relative to the start of the acceleration 
run. This was deemed necessary in view of the fact 
that the operation is discontinuous and some tempera- 
tures are consequently varying throughout the cycle. 

By way of transition from the speed-time curves used 
heretofore to the acceleration-speed curves used in this 
report, Fig. 9 has been plotted from the data of a run 
used in a previous report, selected as typical of the 
results obtained with the chronometric tachometer. The 
speed-time curve is seen to be quite smooth, points fall- 
ing on or nearly on the curve. The acceleration-speed 
curve, with wide scattering of points, gives an idea of 
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FIG. 11—CARBURETER CHARACTERISTICS AT THE SET- 
TINGS USED IN THE TESTS 


the magnification of the errors. Obviously, greater ac- 
curacy than that given by the chronometric tachometer 
is necessary if sound conclusions are to be drawn re- 
specting acceleration. For this reason, some work 
previously reported has been checked with the spark 
accelerometer. 

The results will be reported practically in their 
chronologic sequence; hence, since frequent minor alter- 
ations were made in the apparatus, usually improving 
the precision, the last results reported are considered 
more precise than the first. Modifications made in the 
carbureter having resulted in altered characteristics, 
early runs are not directly comparable with later runs 
in this respect. 

RICHNESS OF MIXTURE 


The effect of air-fuel ratio on acceleration was first 
studied. Results taken with manifold and jacket water at 
30 deg. cent. (86 deg. fahr.) are shown in Fig. 10, 
while Fig. 11 shows the carbureter characteristics when 
this series of runs was made. Fig. 12 shows individual 
runs. At carbureter settings of 2.5 and 3.0 turns, the 
engine would not accelerate from 300 r.p.m.; hence 
the higher starting speed for these runs. The com- 
puted-maximum curve shown on Fig. 10 is derived from 
constant-speed air-fuel-ratio power-runs, and shows the 
acceleration that would be obtained if maximum-power 
mixture could be supplied throughout the acceleration. 
It is not to be expected that this computed maximum- 
acceleration can actually be realized, since it is based 











Vol. XXIII 
240 








on constant-speed tests, in which internal engine-con- 
ditions such as temperature and oil viscosity are quite 
different from those obtaining when accelerating after 
a period of idling. 

From Fig. 10 it is seen that, at the start of the run, 
even with a rich mixture, acceleration is considerably 
below the computed maximum. This apparently is due 
to leanness caused by deposition of fuel on the mani- 
fold wall. Enriching the mixture diminished this initial 
lag, and a proper amount of accelerating charge might 
be expected to eliminate it. 

Following the initial lag comes a rapid rise to ap- 
proximately the computed maximum acceleration and, 
in the case of the richer runs, a subsequent decline due 
to overrichness. At the highest speeds attained in these 
tests, a tendency is shown again to approach the com- 
puted maximum-acceleration. Since the logical explana- 
tion appears to throw light on manifold behavior during 
acceleration, it will be given at some length. 

From constant-speed air-fuel-ratio power-runs a chart 
was plotted, showing acceleration to be expected at dif- 
ferent air-fuel ratios and speeds. Such a chart is shown 
in Fig. 18. By comparing observed acceleration at any 
given speed with this chart it is possible to deduce the 
effective air-fuel ratio entering the cylinders at this 
speed, provided it is known or assumed whether the mix- 
ture is richer or leaner than that required for maximum 
power at that speed. From a plot of carbureter charac- 
teristics it is possible to find the mixture ratio leaving 
the carbureter at the speed in question. From a speed- 
time curve for the acceleration in question, the exact 
time after the start can be found, corresponding to the 
given speed. 
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Correlation of these data gives Fig. 14, in which the 
ratio of fuel leaving the manifold to fuel entering the 
manifold is plotted against time reckoned from the 
start of the acceleration run. The story read from this 
and other similar charts is as follows. While the engine 
is idling, the inlet manifold is under reduced pressure; 
hence, vaporization is good and the walls are relatively 
dry. If the engine speed is low when the throttle is 
opered, as in this case, the low air-speed in the inlet 
manifold allows formation of comparatively large drop- 
lets of gasoline in the spray from the main jet; and 
considerable liquid is deposited on the walls, forming 
a film which is blown along the manifold by the air 
stream. Some of the droplets remain in the vapor-air 
stream and reach the cylinders. 
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Fig. 13—-COMPUTED ACCELERATION FOR VARIOUS 
RATIOS 
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Fic. 12—CHARTED REcoRDS oF INDIVIDUAL RUNS 


Vol. 


[__— 


cov 
abo 
der 
ma: 
con 


fol 
dre 


Acroleration r.o.m. ver sec. 


Tce 


the 
the 
the 
his 
ine 
re; 
ely 

is 
let. 
Op- 
nd 
ing 
air 
air 





September, 1928 





At the end of 3 sec., in this case, a liquid film has 
covered the interior wall of the manifold to a depth of 
about 0.1 mm. and is beginning to blow into the cylin- 
ders, resulting in a greater ratio of fuel leaving the 
manifold to that of fuel entering the manifold, with 
consequent greater acceleration. 

As the engine speed increases, air speed in the mani- 
fold increases; causing finer subdivision of the fuel 
droplets and resulting in a greater amount of fuel reach- 
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Fic. 14—MANIFOLD BEHAVIOR WITH DIFFERENT 
CARBURETER SETTINGS 


ing the cylinders without being deposited on the walls. 
In addition, there is a greater tendency to blow the 
liquid film along the manifold wall. Six seconds after 
the start the fuel ratio reaches unity, indicating that 
exactly as much fuel is leaving the manifold as is enter- 
ing it. Still later the ratio further increases, indicating 
that the increasing air-speed has resulted in blowing 
off some of the liquid film previously deposited on the 
manifold wall. This latter action theoretically would 
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Fic. 15—EFFECT OF MIXTURE RATIO 
Conditions for the various runs were as follows: 
Carbureter Average — 
Run No. Setting, Turns Air-Fuel Ratio 
50-61 2.5 14.8 
52 2.8 13.6 
53 3.0 12.8 
54 3.5 11.3 
55 4.5 10.0 


continue so long as any increase in speed occurs; since 
for each engine speed there is what may be called an 
equilibrium thickness of film such that, under the drag 
of the air-stream speed obtaining at that engine-speed, 
liquid flow along the walls just suffices to discharge into 
the cylinders an amount of fuel equal to that deposited 
on the walls as spray. Practically, however, the chart 
under consideration shows this condition to be approxi- 





*See THE JOURNAL, April, 1928, p. 437. 
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Fic. 16—CARBURETER CHARACTERISTICS WITH VARI- 
oUS SETTINGS 


mated at the end of the acceleration. This, then, is be- 
lieved to account for the larger deviations of the ac- 
celeration curves from the computed maximum accelera- 
tion. 

It is interesting, although probably not significant, 
that, when the curves of Fig. 14 are extrapolated to zero 
time, the values of the ratio obtained are almost exactly 
equal to the equilibrium per cent vaporized under these 
conditions, as obtained by Dr. O. C. Bridgeman from 
the standard A.S.T.M. distillation of this fuel”. At 600 
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Fic. 17—EFFECT OF MANIFOLD TEMPERATURE 


The Centigrade Temperatures Were as Follows: 


Run No. Manifold Jacket Charge 
24-25 30 30 23 
26-27 46 30 30 
28-29 61 30 41 
30-31 81 30 50 
32-33 87 30 54 
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Fic. 18—-EFFECT OF MANIFOLD TEMPERATURE 


These Are Speed-Time Curves for the Same Runs As Are Repre- 
sented by the Acceleration-Speed Curves of Fig. 17. The Volu- 
metric Efficiency Seems To Fall Off More at High Speed 








Vol. XXIII 


September, 1928 No. 8 








242 





S. A. E. JOURNAL 





ms «66S SRE 
older SS RRe 

‘2 286788088 
et) | te 


& a | 7 
60 Beret at | 
Peet tt i reme L T 





eGR RERE SS £ |_| 
fg PSx[os7 | 
a-Run 35 ° a oop ~ 


* wie 
» oes Hie RB 
‘ane SRe 


ae 
300 400 500 600 100 800 900 1000 ~—- 1100 
Engine Speed, r.p.m. 











Acceleration 
EE EE 
at 





























Fic. 19—RUNS WITH INCREASED WATER-JACKET 
TEMPERATURE 


r.p.m. initial speed, however, the ratio found from the 
curves exceeds that obtained by Dr. Bridgeman by about 
7 per cent, indicating the carrying of fuel as spray, at 
least at this speed. It seems likely that the close agree- 
ment at 300 r.p.m. is fortuitous and results from com- 
pensation by fuel spray for non-attainment of 
equilibrium in vaporization. 


LIMITATIONS OF THIS METHOD oF STUDY 


Acceleration, even at a given effective air-fuel ratio, 
is dependent on barometric pressure, air temperature, 
volumetric efficiency, spark advance, and engine friction; 
hence, Fig. 13 is correct for only a limited range of 
conditions. Furthermore, even if the data from which 
the chart is constructed are obtained at the same pres- 
sure and temperatures as those under which the ac- 
celeration is run, the accelerations actually obtainable 
would not correspond exactly to those in the chart com- 
puted from constant-speed runs because of the dif- 
ference in internal engine-conditions between constant- 
speed and acceleration operation. 

A further possible source of error is the probability 
of distribution during acceleration differing from that 
during constant-speed operation. From tests, it is con- 
cluded that this factor is not a serious one. 





11 See THE JOURNAL, 


March, 1924, p. 267. 
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Fic. 20—EFrrect OF WATER-JACKET TEMPERATURE 
The Centigrade temperatures were as follows: 


Run No. Jacket Manifold 
38-40 30 83 
41-43 45 83 
44-46 60 83 
47-49 80 83 
60-51 98 83 


For these reasons, consistent values of air-fuel ratio 
in the vicinity of maximum power cannot always be 
obtained; imaginary air-fuel ratios are sometimes en- 
countered. However, at lower accelerations, values ac- 
curate to about 0.5 unit can certainly be obtained. 
Fortunately, it is under these conditions that the great- 
est interest attaches to the results. 

The error introduced in measuring the acceleration is 
negligible in comparison with other errors, being about 
0.5 per cent of the brake horsepower. 


EFFECT OF VARIOUS FACTORS ON ACCELERATION 


Returning to the consideration of the effect of air- 
fuel ratio on acceleration, Fig. 15 shows data obtained 
at higher operating-temperatures. Modifications in the 
carbureter had resulted in carbureter characteristics 
shown in Fig. 16 when this series of runs was made. 
These runs resemble 
7 those of Fig. 10, when 

i due _ allowance is 
y | made for the altered 
carbureter - character- 
nae istics. In general, 
increasing the rich- 
ness reduces the in- 
itial lag, but beyond 
a certain point it re- 
sults in poorer per- 
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Fig. 21—SPEED-TIME PLOT 1, plus a proper 


amount of accelerat- 
ing charge injected at a proper rate, would give practi- 
cally maximum performance throughout the accelera- 
tion. The conclusions of Mr. Birdsell”, which were re- 
ported to the Society in 1924, are thus supported by the 
present research. 

It is of interest to note that, from a chart such as 
Fig. 14, together with Fig. 11, it is possible to compute 
both the proper quantity and proper rate of injection 
for an accelerating charge. 

The effect of manifold temperature on acceleration 
was studied next. The carbureter-characteristics were 
as shown in Fig. 11. The results of this work are 
shown as acceleration-speed curves and speed-time 
curves, respectively in Figs. 17 and 18. At 30-deg. 
cent. (86-deg fahr.) manifold-temperature the engine 
would not accelerate from 300 r.p.m.; hence, runs of this 
set were started from 400 r.p.m. 

The principal effect of increasing the manifold tem- 
perature is the same as that of increasing the richness 
of the mixture, that is, to reduce the initial lag. In 
addition, acceleration at lower speeds is greatly im- 
proved. Improved vaporization is believed to account 
for this. As the higher speeds are reached, the runs 
at lower manifold-temperatures show better acceleration 
than those at higher temperatures. Lower volumetric- 
efficiency at higher manifold-temperatures, as well as 
overrichness due to greater vaporization, is the probable 
cause of this effect. 


JACKET TEMPERATURE INCREASED 


Immediately after completing this series of runs the 
three runs shown in Fig. 19 were made, the manifold 
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ACCELERATION WITH DIFFERENT FUELS 


Fig. 22—Runs 57 to 61 Were Made with 12.1 Parts of Air 

to 1 Part of U. S. Motor Gasoline A. Runs 59 and 60 

Were Made with 12.53 Parts of Air to 1 Part of the 50- 
Per Cent Mixture of Aviation Gasoline 


temperature being nearly the same as in the last of the 
manifold temperature series, but with the jacket tem- 
perature raised from 30 to 100 deg. cent. (86 to 212 
deg. fahr.). The considerably poorer acceleration ob- 
tained is thought to be due chiefly to decreased 
volumetric efficiency, as it is of the right amount to be 
accounted for by this effect. In this connection it 
should be noted that these runs were made with a 
rather rich mixture, leading to considerable dilution 
of the oil on the cylinder-walls. For this reason, engine 


































Fig. 23—Acceleration-Speed Curves of Runs 65 to 70, with 
Air-Fuel Ratio of 10.7 to 1. Speed-Time Curves for the 
Same Runs Are Plotted in Fig. 24, Which Shows the Con- 
sistency of the Results by the Smoothness of the Curves 


temperature. The net effect of these two opposing 
factors, volumetric efficiency and engine friction, is 
considered responsible for the results shown in Fig. 20. 

A speed-time plot of this series of runs is shown in 
Fig. 21. The runs at 60 deg. cent. (140 deg. fahr.) 
are not consistent with the rest of the series, which 
shows a general trend toward shorter initial-lag as the 
jacket-water-temperature is increased. 

The ultimate object of this line of work was a study 
of the effect of the A.S.T.M. 50-per cent point on accel- 
eration; however, because of the 
rather limited supply of special fuels 
for this purpose, preliminary work 
was done on aviation, commercial and 
blended fuels to select suitable condi- 
tions for the study of the 50-per cent- 
point fuels. 

The curves shown in Figs. 22 and 23 
were obtained with commercial gaso- 
line and a blend composed of equal 








parts of commercial and aviation 








100-—-— ee Gi et r T T 
| | | 
1000+ ++ 4 |_| 
| 
ee ne Oe a a 
E | | | } 
oT + 
¥ %00-—+- _ 
eo | 
a se, 
* 600}—+ “ 
Vv A 
co ry 
iS 500}—+ VF 2a 
c | | 
w 
400|}- + 4 
300 } 
i a ae ae a ee : ae |_| 
0 a rr a 


Elapsed Time, sec 


Fic. 24—-SPEED-TIME CURVES WITH DIFFERENT FUELS; SERIES 2 


friction might be expected to be nearly the same at 
both jacket-temperatures. 

The effect of jacket-water-temperature on acceleration 
is shown in Fig. 20. In these and all subsequent runs, 
carbureter characteristics are those 
shown in Fig. 16. Although the five 100 
sets of runs here shown lie nearly 90 





gasoline. A difference in the air-fuel 
ratio used impairs the value of the 
comparison in Fig. 22, but the general 
observation that less difference is 
shown between different fuels at 
higher manifold-temperatures is supported by subse- 
quent work. Fig. 24 shows the data used in Fig. 23, 
plotted as speed-time curves. This figure is inserted to 
show the extent to which the results can be reproduced. 
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within the limits of error of observa- 
tion, increasing the jacket tempera- P 
ture evidently tends to decrease the % 10 
acceleration. This agrees qualita- & 
tively with the result stated in the & 
previous paragraph, although not .. 
quantitatively if the entire responsi- 
bility for the change is assigned to & 3 
volumetric efficiency. Since the runs & 
here considered were made with a ~ 
very lean carbureter-adjustment, less 10 
dilution of oil on the cylinder-walls 
is to be expected than in the case of 200 300 
the runs mentioned above. Engine 
friction would therefore be greater 
at low than at high jacket-water- 
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Fic. 25—ACCELERATION WITH DIF- 
FERENT FUELS; SERIES 3 
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Commercial gasoline was next compared to aviation 
gasoline, at two manifold temperatures. These runs, 
shown in Figs. 25 and 26, were the first taken with the 
spark timed by a tuning fork, and they shown a phe- 
nomenon not heretofore definitely recorded. This is 
the initial high-acceleration immediately consequent to 
opening the throttle. It is found with this apparatus 
that the first three to six explosions after opening the 
throttle are of practically maximum power, and are 
followed by a lag. 

It is obvious that much better initial-acceleration is 
obtained when using aviation gasoline than when using 
commercial gasoline, at 33-deg. cent. (91.4-deg. fahr.) 
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Fic. 27—DISTILLATION CURVES OF COMMERCIAL AND 


BLENDED FUELS 


manifold-temperature. However, above 650 r.p.m. prac- 
tically no difference in acceleration is shown with the 
two fuels. As a higher electrical-load was used unin- 
tentionally, in making the tests of Fig. 25, these results 
cannot be compared directly with others. At a mani- 
fold temperature of 92.5 deg. cent. (198.5 deg. fahr.) 
less difference is shown, and such difference as does 
exist is partly masked on Fig. 26 by the difference in 
speeds at which the initial lag occurs. Thus, the drop 
in the aviation-fuel curve at 350 r.p.m. corresponds to 
the negative acceleration at 320 r.p.m. in the commer- 
cial-gasoline curve. As in the case of the runs at lower 
manifold-t em per- 
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Fic. 28—DISTILLATION CURVES OF SPECIAL TEST-FUELS 
tion curves for these three fuels are shown in Fig. 27. 
The three fuels used to determine the effect of the 
A.S.T.M. 50-per cent point on acceleration, designated 
D, E, and F fuels, were prepared to meet the following 
specifications of the Steering Committee: 
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F1G. 29—-ACCELERATION WITH DIFFERENT FUELS; SERIES 5 
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INFLUENCE OF FUEL CHARACTERISTICS 


Initial boiling-points to be within a range of 20 deg. 


fahr., with approximately the same 


cent points to be 220 to 222 deg. fahr.; and 90-per 
cent points to be 391 to 393 deg. fahr. 

Temperatures for 50-per cent evaporation, in de- 
grees fahrenheit: Fuel D, 248; fuel #, 284; fuel F, 


326. 
Fig. 28 shows the A.S.T.M. di 


these fuels at the time when the acceleration tests were 
run, more than one year after these fuels were prepared. 
Originally, the agreement with specifications was even 


closer. 

The first tests made on D, E, 
and F fuels are shown in Fig. 
29. Sample speed-time curves, 
taken from the test runs of this 
series, are shown in Fig. 30. 
These tests were made with 
cylinder-jacket water at 96 deg. 
cent. (204.8 deg. fahr.), inlet- 
manifold jacket at 32 deg. cent. 
(89.6 deg. fahr.), and the car- 
bureter set at 3.75 turns. These 
conditions are such as to give 
very poor vaporization in the 
manifold—less than 50 per cent, 
judging by the acceleration 
during the initial lag. 

Each curve shown in Fig. 29 
is the mean of four test-runs. 
Up to 650 r.p.m., such differ- 
ences aS are shown are 


Acceleration,r.p.m 
g 
T 


recovery; 20-per 


245 


runs shown in Fig. 23, but direct comparison of the two 
series is vitiated by a large difference in barometric 
pressure between the two tests and, apparently, a small 
difference in engine friction. 

This test series was run with cylinder-jacket water at 
88 deg. cent. (190.4 deg. fahr.), inlet-manifold jacket 


at 43 deg. cent. (109.4 deg. fahr.), and carbureter set 


stillation-curves of at 3.0 turns. 
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Fig. 31—AVIATION' FUEL COMPARED WITH 


SPECIAL FUELS 














It will be seen that, under these condi- 


tions, a greater percentage of the fuel will be vaporized 
than under the test conditions of the previous series, 
due to both the hotter manifold and the leaner supplied- 
air-fuel ratio. 


The acceleration-speed curves 
of this series are shown in Fig. 
31, while curves and data for the 
individual fuels are plotted in 
Figs. 32 to 35. Aviation gaso- 
line, naturally, shows much the 
best acceleration. Decided and 
seemingly haphazard differences 
now show in the curves for D, 
E, and F fuels, each of which at 
some speed shows better acceler- 
ation than either of the other 
two at the same speed. Above 
580 r.p.m., however, the fuels 
are arranged in the order of 
their 50-per cent-point volatili- 
ties; that is, in the inverse 
order of their 50-per cent-point 
temperatures. 
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This 
Series of tests was made 
under the same controlled- 
conditions as those of the 
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Fic. 33—ACCELERATION WITH D FUEL 


34—ACCELERATION WITH E FUEL Fic. 35—ACCELERATION WITH F FUEL 
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Fig. 36—COMPARATIVE SPEED-TIME CURVES 


On considering the speed-time curves for this series, 
Fig. 36, or the more accurate representation, Fig. 37, 
in which acceleration is plotted against time, a very 
consistent and definite relation between the fuels is seen. 
The initial lag, under these conditions, appears qualita- 
tively to be a function of the 50-per cent points, the 
differences in initial lag being of the same relative 
magnitudes as the differences in the 50-per cent points. 
These charts further suggest that the peculiarities in 
the acceleration curves for the D, EF and F fuels, Fig. 
31, are the results of the previous history of the indi- 
vidual acceleration run; that is, they are attributable 
to the conditions existing in the manifold as a result 
of the past behavior during the run. For example, 
during the long period of initial lag of the F runs, 
greater manifold loading would be expected to occur 
than during the shorter period of the D runs. 

Appendix 3 treats of the relative accuracy of charts 
in which various sets of coordinates are used. 


Poor FUEL NEEDS ACCELERATING WELL 


In discussing this series of tests, it should be borne 
in mind that the carbureter used did not have an ac- 
celerating well: hence, these results are not directly 
comparable with those that might be obtained with a 
commercial carbureter. That is, with an accelerating 
wll, a lower-volatility fuel can be made to give nearly 
as good performance as one of high volatility. This, 
of course, requires the use of a greater quantity of the 
lov er-grade fuel. 

Che conclusions drawn from these two series of tests 
on the D, E, and F fuels are that, (a) under conditions 
giving less than 50-per cent vaporization in the mani- 
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Fic. 37—COMPARATIVE ACCELERATION-TIME CURVES 
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fold, there is little effect of differences in the A.S.T.M. 
50-per cent point with fuels having like 20-per cent 
points; and, (b) under conditions giving slightly more 
than 50-per cent vaporization in the manifold, the pri- 
mary influence of the A.S.T.M. 50-per cent point is 
shown chiefly in the initial lag, although some varia- 
tions in acceleration are indicated. It should be noted 
that the vaporization during acceleration may depart 
widely from equilibrium conditions; and, therefore, 
equilibrium air-distillation data are not directly ap- 
plicable. 


APPENDIX 


ERROR INTRODUCED BY NUMERICAL DIFFERENTIATION OF 
DISPLACEMENT-TIME DATA FOR SPEED AND 
ACCELERATION 


In obtaining an acceleration-speed curve representing 
the performance of the engine considered as a unit, 
from data of time and displacement observed at rela- 
tively short intervals, numerical differentiation does not 
This can be demonstrated as 


introduce serious error. 
follows: 


Displacement ( 





Time (x) 


Fig. 38—DIAGRAM OF DIFFERENTIATION 


In Fig. 38, let yf (a2) be the displacement-time 
curve, and points at abscissas x —h, x, and «+ h rep- 
resent successive measurements, whose values are y,, 
y,, and y, respectively. 


Let 
A = mean acceleration from S; to S; 
S = mean speed from x —htox +h 
S: = mean speed from x —h to x 
S: = mean speed from x tox + h 
Then 
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3 y s (2 h* n “) hn 
Differencing | 
f (eth) —f (e@—h) = 2p, (2yh 7AM 
2fs (x) he 4 2 fanes (@) 
5! + + (2n+ 1)! [5] 


Dividing by 2h and transposing 
\» Ff (e+ h)—f(e—h) ff, (x) _ 
ae 
fs (x) h* Cd a _ fans (x) hh” 6 
5! (2n + 1)! [6] 
in which f,(2) is the true speed at x, [f(#+h)—f(a— 
h)]--2h is the result of numerical differentiation of 
the data for the mean speed from x—h to x+-h, as shown 
in (1) above, and the remaining terms are the difference 
between the two, and may be used, as desired, either 
to correct the result of numerical differentiation or to 
calculate the error thus introduced. 
To obtain similar information on acceleration values, 
(3) and (4) above are added, giving 
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in which f,(~) is the true acceleration at xz, [f(#+h)— 
2f(x)+-f(a—h) |—h’, is the result of double numerical 
differentiation for the mean acceleration from S, to S, 
as shown in (2) above, and the remaining terms rep- 
resent the error introduced in obtaining an approximate 
value for acceleration by double numerical differentia- 
tion. 

Obviously, decreasing h, the time interval, reduces 
the inaccuracy of both the speed and the acceleration 
values obtained. Also the error introduced in accelera- 
tion values is a function of the radius of curvature of 
the acceleration curve, decreasing with increasing radius 
of curvature. Hence, it is greatest at the point where 
the acceleration curve changes direction most rapidly. 
Similarly the greatest error in speed values is intro- 
duced when the acceleration is changing in magnitude 
most rapidly. 

Since double numerical differentiation of the cubic 
is exact, as shown by (9), the error caused by double 
numerical differentiation in any case is a measure of the 
departure of the empirical curve from cubic. 

To illustrate the magnitude of the error thus intro- 
duced, computation has been made for an acceleration 
curve similar to that of commercial gasoline in Fig. 25. 





®See Graphical and Mechanical 


Computation, 
Pp. 246, John Wiley & Sons, Inc. 


. New York. 


first edition, 





The greatest error found to be introduced in the ac- 
celeration values, assuming 1 sec. time intervals, is 0.03 
r.p.m. per sec.; while the greatest error in speed is found 
to be 0.6 r.p.m., neither of which is at all serious. As 
h, the time interval, is reduced, both of these errors 
rapidly diminish. 

In reducing observations made with the tuning fork, 
however, double numerical differentiation has been 
found impractical, since, in the short time-interval be- 
tween observations, 0.07 or 0.04 sec., the acceleration 
is of the order of magnitude of the experimental error 
due to spark wandering. These data therefore are 
plotted against speed-time coordinates, and tangents are 
constructed to the smooth curve through the plotted 
points. A method for drawing such tangents is de- 
scribed in a book by Dr. Joseph Lipka”. 


APPENDIX 2 


ERROR IN MEASUREMENT OF PULSATING AIR-FLOW BY 
THIN-PLATE ORIFICES 


When orifices are used in measuring air-flow to an 
engine, an error is introduced in the results, because 
of pulsation. In other words, the steady-flow formula 
does not apply satisfactorily to pulsating flow. The 
following data, taken on the six-cylinder engine used 
in this work, will illustrate this point. Every engine 
condition was maintained unaltered during these tests, 
only the orifice diameter being changed. 


Orifice Computed Error Based on 
Diameter, Head, Air-Flow, 1-In. Orifice, 
In. In. of Water Lb. per Hr. Lb. per Hr. 
1 0.982 59.0 0.0 
1% 0.214 61.6 2.6 
2 0.101 74.8 15.8 
3 0.065 133.8 74.8 


Various considerations lead to the belief that the 
value obtained with the l-in. orifice is substantially 
correct. On this basis, the error diminishes as the 
head increases, as would be expected, since steady flow 
is more nearly approximated under the higher heads. 

Mention is made of this point to call attention to 
possible constant errors in the air-fuel-ratio values 
stated herein. Every precaution has been taken to re- 
duce such errors to the minimum. 


APPENDIX 3 


GRAPHICAL REPRESENTATION OF ACCELERATION DATA 


Of the six possible sets of coordinates which might 
be utilized in the graphical representation of data per- 
taining to engine acceleration, only one, that in which 
speed is plotted against time, has been used heretofore 
in papers describing the progress of this research. 
The possible sets of coordinates are: 


(1) Displacement versus time 

(2) Speed versus time 

(3) Acceleration versus time 

(4) Speed versus displacement 

(5) Acceleration versus displacement 
(6) Acceleration versus speed 


Speed-time coordinates are satisfactory for the quali- 
tative discussion of data; they show the initial lag 
phenomena well, and continued usage has made them 
readily understandable. Acceleration may be inferred 
to within about 25 per cent from the inspection of the 
slope of the curve. 

To permit quantitative discussion of the acceleration 
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data, however, they must be expressed as acceleration 
versus either speed or time. Best results will be ob- 
tained by the use of both forms in conjunction. Thus, 
in the initial-lag period, time, reckoned from the instant 
of opening the throttle, is the major factor influencing 
the acceleration; beyond that region, engine character- 
istics variable with speed exert the preponderant in- 
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fluence on the acceleration. For these reasons, more 
information is given by acceleration-time curves in the 
region of initial lag, and by acceleration-speed curves 
beyond the initial lag. 

Displacement-time, speed-time, and speed-displace- 
ment curves are of interest primarily in connection with 
the road performance of cars. 


THE DISCUSSION 


F. C. Mock” :—The subject of fuel research is of par- 
ticular interest to my company, and the paper by Mr. 
Brooks checks closely with our observations and expe- 
rience. We have tried in the course of our work 
different fuels, ranging in volatility from common auto- 
mobile-fuel to high-test fuels and aviation gasoline. 
During the winter we experience with our engines the 
same difficulty with aviation gasoline that Mr. Brooks 
has demonstrated, but less than with standard fuel. 

It therefore seems plain that no economically practi- 
cal change in fuel volatility will enable present engines 
to accelerate properly under all conditions with car- 
bureter and manifold systems which give proper mix- 
ture-proportions only for steady running under steady 
load. In further comparisons of fuels, accordingly, is it 
not desirable to take into account the means available 
for obtaining satisfactory acceleration and to deter- 
mine the requirements of fuel volatility under these 
conditions? 

From the information submitted by Mr. Brooks, it is 
apparent that there are three main ways of obtaining 
satisfactory acceleration with an economical steady- 
running mixture-proportion, using fuels of present 
volatility, namely: 


(1) To raise the air velocity through the carbureter 
and inlet manifold so that it never falls below 
a certain minimum, which will be between 30 
and 70 ft. per sec. The only practical demon- 
stration so far made in this direction is in the 
so-called cold carburetion, and I cannot say 
what results can be obtained with this in re- 
gard to minimum and maximum velocities, 
avoiding power loss at high speed, and obtain- 
ing good operation without application of heat 
to the charge. 

(2) If the air entering the carbureter could be main- 
tained at all times at 160 deg. fahr., satisfac- 
tory acceleration would, I believe, be obtained 
with normal steady-running mixture-propor- 
tions from the carbureter. This probably can 
be done, although I know of no instance in 
which it has been even approximated. It would 
require an air-heater of elaborate construc- 
tion, of volume at least equal to that of the 
exhaust manifold, and having a thin wall of 
low heat-capacity between the exhaust and the 
air to be heated. It would also require a very 
large, thermally regulated, automatic cold-air 
valve, and heat-insulating protection between 
the carbureter and the heater. 

The temperature of 160 deg. fahr. is near the 
initial boiling-point of the fuel, and, as the 
carbureter body would tend to reach this tem- 
perature in the summer, there would be a very 
close temperature-margin between satisfactory 





13M. S. A. E.—Research engineer, Stromberg Motor Devices Co., 
Chicago. 


operation and boiling of the fuel in the carbu- 
reter jets. A slight edge of the performance 
on hills might be taken off by this heating of 
the charge. With the regulation outlined, the 
mixture temperature might reach 150 deg. 
fahr. in the summer with no application of the 
exhaust heat to the inlet manifold, because of 
the heat under the hood; whereas, with our 
common exhaust-hot-spot manifolds and with 
heat control, the mixture temperature on a 
hot day in summer is sometimes 180 deg. fahr. 
or higher. Note that maintaining either a high 
manifold-velocity or a high entering-air tem- 
perature requires an elaborate and expensive 
departure from present constructional practice. 

temporary enrichment of the mixture, or 
“accelerating charge,’ can be delivered from 
the carbureter. This is useful at temperatures 
and with fuels of volatilities such that the de- 
ficiency in momentary vaporization can be com- 
pensated for by a reasonable enrichment of the 
mixture. If the temperature is too low or 
the fuel is lacking in lighter elements, the 
amount of accelerating charge required will be 
very great and, if supplied, will give “loading” 
in the inlet manifold as the engine picks up 
speed. 

Devices of this sort now are found in all the 
better-grade American carbureters and seem 
to be fairly effective. The chief difficulty expe- 
rienced with them is that the amount of accel- 
erating charge required, as Mr. Brooks has 
shown, is largely a matter of temperature. 

Speaking from our own practice, we find that—for 
a 250-cu. in. engine, on a hot day in summer, with 
standard fuel, after fast driving—no accelerating 
charge is required; in fact, 0.10 cc. (0.006 cu. in.) of 
accelerating charge, whether fed fast or slowly, will 
cause the engine to stumble and miss when the throttle 
is opened. The same engine in the winter will acceler- 
ate best with an accelerating charge of perhaps 3 cc. 
(0.183 cu. in.). With aviation gasoline this same 
amount of fuel charge is not detrimental in the winter, 
but during the spring or fall the accelerating charges 
need to be diminished with lighter fuels. The amount 
of accelerating charge required varies also according 
to various conditions. 

I should like to suggest that it will be of value if Mr. 
Brooks will add data on the air velocities through the 
inlet manifold and carbureter for different engine- 
speeds. The acceleration lag so clearly varies with the 
manifold velocity that it would be illuminating to have 
this information. 

DONALD B. Brooks:—Air speeds through the inlet 
manifold at the engine starting-speeds and maximum- 
speeds used in these tests are as follows: 


R.P.M. 300 400 600 1,000 
Ft. per Sec. 26 34 50 85 
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Front-Wheel Drives, Are They 
Coming or Going? 


By HERBERT CHASE! 








Semi-ANNUAL MEETING PAPER 


FTER listing the advantages and disadvantages of 
4% front-wheel drive the author says that, although 
most American engineers who have given him their 
opinions seem to believe that the advantages of front- 
wheel drive are outweighed by its disadvantages, he 
has grounds for venturing the opinion that this form 
of drive is likely to have extensive use in this Country 
within the next few years. He bases this view more 
upon commercial than upon strictly engineering con- 
siderations; but the latter are not lacking altogether, 
as is evident from his subsequent analysis. 

The advantages and the disadvantages are specifi- 
cally and separately discussed, existing designs of 
front-wheel drive being divided into three classes. 
Numerous illustrations of the different types of front- 
wheel-drive vehicle are presented, and their most 
important features are enumerated and explained. 

In conclusion the author says that, although there 
is good ground for the view that the advantages out- 
weigh the disadvantages, it does not follow as a 
necessary corollary that front-drive cars will become 
the popular type or that they will be adopted soon by 
many manufacturers. Several companies are, how- 
ever, greatly interested. Basically, nearly all Ameri- 
can cars are very much alike in mechanical design and 
have undergone practically no major changes since the 
introduction of four-wheel brakes. We are about due 


HE front-wheel drive is reported to have been in 

| actual use in 1862, and it was applied to gasoline- 

driven vehicles in the period from 1900 to 1905 

if not before that time. This paper is therefore in part 

a review of automotive history, but certain fairly re- 

cent designs are also presented, as well as an analysis 

of the advantages and disadvantages of front-wheel 

drives in general which, it is hoped, will provide a use- 

ful background for those who contemplate a further 
study of the subject. 

Unless otherwise stated, my comments apply espe- 
cially to passenger-cars; but they apply also to motor- 
truck and to motorcoach chassis. One of the few origi- 
nal American designs shown has been applied in prac- 
tice only to motorcoach chassis, but it appears to be 
adaptable also to passenger-cars and to motor-trucks. 

Even a casual study of the accompanying statement 
of the advantages and disadvantages of front-wheel 
drive reveals some apparent inconsistencies. It must 
be noted, however, that some of both apply only to cer- 
tain forms of construction while others apply not 
specifically to front-wheel drives in themselves but to 
attendant favorable or unfavorable conditions that 
could not well be realized without such a drive. There- 
fore, too narrow an interpretation should not be made, 


as 


1M.S.A.E.—Engineer, Erickson Co., Inc., New York City. 
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for some radical changes in design, and it is not un- 
likely that one of these will be the front-wheel drive. 

One of the discussers makes the point that, in the 
last 500-mile race, the troubles experienced with the 
front-wheel-drive racing cars could not be charged 
to the front-wheel drive itself. Another cites tests 
which disproved the claim that less power is required 
to propel a car by the front wheels than by the rear 
wheels. It is stated by another speaker that the 
failures of the supercharger drive-gears in the 500- 
mile race were mostly on cars having front-wheel 
drives. He says also that it is observable on the 
speedway that the front-wheel-drive cars spin their 
wheels much more than do the rear-wheel-drive cars 
at the same speed. 

It is mentioned that front-wheel-drive cars follow 
the front wheels and have less tendency to skid on 
turns provided the driver has the courage to keep 
his foot on the throttle, but that this is a dangerous 
procedure. It is brought out also that the arrange- 
ments of independent wheel-springing and the reduc- 
tion of unsprung weight can be applied equally well 
to front-wheel and to rear-wheel drives. 

In conclusion, the author states the answers he 
received to the question: “What other major improve- 
ments do you consider more promising than front- 
wheel drives?” 


and it should be borne in mind that a factor set down 
as an advantage or disadvantage in one type of con- 
struction may be the reverse in dissimilar constructions. 


THREE CLASSES OF FRONT-WHEEL DRIVES 


Class 1.—This type embodies a front axle similar in 
general construction to a conventional rear axle 
but modified to accommodate steering-knuckles 
and provide a universal drive. It is used chiefly 
on four-wheel-drive trucks and possesses few of 
the advantages obtained in other types. 

Class 2.—In this type the steering-knuckles are joined 
by a rigid member or members. The latter are 
unsprung in designs such as the Miller and the 
Marmion racing cars, but can be sprung as in the 
Tracta design. The differential and the bevel 
gears are carried, not by the dead axle, but on 
the frame; hence, they do not add to the un- 
sprung weight. 

Class 3.—The wheels and the knuckle pivots in this 
type are attached only to springs or distance- 
members, there being no “dead” axle in the ordi- 
nary sense. In designs such as the Alvis and the 
Itala, the wheels are completely independent in 
their springing. In the Healey-Aeromarine de- 
sign, some reaction exists between the two wheels. 

A mental picture of the three classes should be 

formed and kept in mind while the advantages and dis- 
advantages already cited are discussed in detail. 
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DISCUSSION OF ADVANTAGES 


Unencumbered space for the body, (1), although not 
properly referring to the front-wheel drive itself, usu- 
ally is mentioned as the most important of all benefits 
made possible by driving to front instead of to rear 
wheels. Such an estimate seems to be correct, for 
many of the body designers’ handicaps are thereby elim- 


inated. The frame can assume almost any desired 
shape. The absence of a bulky rear-axle and a long 


propeller-shaft connecting it to the gearset makes pos- 
sible a very low floor and either a lower roof or one 
allowing more headroom. It is pointed out by J. G. 
Vincent, of the Packard Motor Car Co., however, that 
passenger-car bodies with conventional rear drives can 
be made so low that the passengers when seated have 
their eyes as near the ground as when walking, and 
that there seems to be no advantage in further lower- 
ing of the body. In fact, if 

the driver sits any lower, the 
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cowl, the hood and the radi- 
ator prevent him from seeing 





is not a clear gain, for the front-drive axle seldom is as 
simple as the conventional “dead” type. 

Decreased bulk in the rear axle is an advantage from 
the viewpoint of body design, especially in motor- 
coaches and to some extent in passenger-cars also, for 
the designer need not be hampered by the necessity 
for a recess under the rear portion of the body to pre- 
vent a bulky differential-housing from striking under 
maximum spring-deflections. 


IMPROVED RIDING-QUALITIES 


Improvement of riding qualities, (3), can be credited 
in large part to the lessened unsprung-weight. This de- 
crease in weight of parts below the spring can be made 
a very material one, for the rear axle can be a relatively 
light forging or it can be dispensed with in favor of in- 
dependent wheels such as are used in the Aeromarine 
and Alvis designs. The front wheels and axle sometimes 
are heavier than the conven- 
tional form, especially if those 
falling in Class 1 are used; 








the road as close to the front 





Advantages 


Relatively unencumbered space for a 
body of almost any desired design, 


Elimination of a bulky and compli- 


riding-quali- 
lessened pitching 


Increased safety due to less skidding 
tendency and to ability to take turns 


Driving force always applied to the 
wheels in the direction of their mo- 


Elimination of a long propeller-shaft, 
having 
lower speed and less tendency to 


shafts 


Possibility of improved traction under 
of greater quietness and 
Ability to provide front-wheel brak- 
carrying brake-drums 
and operating mechanism on wheels 
to greater 


A less expensive rear-axle and a sim- 


~ee” 
A possible decrease in tire wear due 


Decrease in the total weight of the 


Decreased thrust on front-wheel bear- 


Front axle and springs can be relieved 


of the car as is desirable. (1) 
But in motorcoaches and some 
forms of motor-truck the pos- floor height and dimensions 
sibility of a lower platform (2) 
presents evident advantages cated rear axle 
which, as we shall see, are (3) Possibility of improved 
put to good use in some de- ties, including a 
signs. tendency 
REAR AXLE SIMPLIFIED @) 
That a front drive simpli- at higher speed 
fies greatly the problem of (5) 
rear-axle construction, (2), 
will hardly be questioned. As tion 
in the Rumpler, Alvis and (6) 
Healey-Aeromarine designs, and substitution of 
it is possible to eliminate even 
a dead rear-axle and to carry vibrate 
the wheels on arms pivoted to (7) 
the frame. In this case the certain conditions 
unsprung weight is very (8) Possibility 
small and the advantages, or freedom from body rumble 
the disadvantages, of inde- (9) 
pendently sprung rear wheels ing without 
are realized. 
If preferred, rear wheels or axles 
can be carried upon either a (10) Lower upkeep-costs due 
sprung rear-axle that can be accessibility and better lubrication 
cranked to lower the body (11) 
platform or that can be plified frame-construction 
made straight, or upon stub (12) Freedom from shimmy tendencies 
axles independently sprung (13) 
and positfoned by _ suitable to lessened skidding tendency 
guides. But in any case the (14) 
bulk and the complication of vehicle 
a conventional live rear-axle (15) Decreased side-sway 
are avoided. Whether the net (16) 
result is merely to -transfer ings 
the complication to the front (17) 
of the vehicle is another ques- of all braking torque 
tion and depends in part upon (18) 


the design employed. In most 
cases, however, the decreased 
complication in the rear axle 


All springs can be relieved of driving- 
torque reaction 








but with those in Class 2 and 
some forms in Class 3, the un- 
sprung weight is very small, 
one reason being that brake- 
drums often are carried on 
the chassis instead of on the 
wheels, while springs or dis- 
tance-linkages sometimes dis- 
place any form of dead axle. 
Some of these advantages can 
be attained without front- 
wheel drive, but they are 
logical and useful when com- 
bined with such a drive. 

Pitching is said to be al- 
most eliminated in some 
front-wheel-drive cars. Doubt- 
less this is more a matter of 
springing and weight distri- 
bution than of drive, yet a 
front-drive design probably 
makes it easier to attain this 
advantage. A factor tending 
to improve riding-quality, as 
compared with a car having 
the Hotchkiss rear-axle drive, 
is that the rear springs are 
used for suspension only and 
are relieved of driving and 
torsional stresses. 

Nearly all engineers expe- 
rienced with front-drive cars 
comment upon the increased 
safety, (4), due to the de- 
creased tendency to skid on 
turns. This has led to the 
extensive use of such drives 
on racing cars. Very likely 
this is due in part to the fact 
that the driving force is ap- 
plied always in the direction 
in which the front wheels are 
headed, while with rear drive 
this force always is parallel 
to the axis of the car and 
therefore is at an angle to the 
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planes of the front wheels 
when they are cramped. At 
such times there is a com- 
ponent parallel to the axis of 
the front wheels that tends to 
cause them to skid. This 
component increases rapidly 
as the turning angle _in- 
creases. 

The decreased tendency of 
front-drive vehicles to skid, 
and the fact that the driving 
force turns as the wheel is 
cramped in steering, make it 
possible to negotiate curves 
at higher speeds and thus to 
add to the safety of driving. 
To the extent that a front 
drive lowers the center of 
gravity of a vehicle it adds 
again to the safety factor. 
This is an indirect result due 
to the lower body-platform 
rather than to the front drive 
itseif. 

The front drive always ap- 
plies the driving force in the 
plane of the front wheels, 
(5), even when they are 
cramped, and hence in the 
direction of desired motion. 
This is an obvious advantage 
and probably contributes 
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FRONT-WHEEL DRIVES 


Disadvantages 


(1) Decreased traction under some condi- 
tions, notably in hill climbing and 
when accelerating 

(2) Possibility of greater injury to the 
driving mechanism in the event of 
collision 

(3) Difficulty of obtaining satisfactory 
weight-distribution, especially in 
trucks and motorcoaches 

(4) Increased over-all length, or an in- 
creased wheelbase for the 
length of body 

(5) Increased complication in the driving 
mechanism 

(6) Decreased space for the radiator 

(7) Increased expense of the front axle, 
or its equivalent, and the driving 
mechanism 


same 


(8) Insufficient road-clearance in _ front, 
considering the present small-diam- 
eter wheels 

(9) Difficulty of getting a quiet drive, 
especially with a bevel drive 
mounted on the frame 

(10) Possible slight decrease in mechanical 
efficiency 

(11) Harder steering due to increased load 
on the front axle and the steering 
pivots 
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made for them in this regard. 
The mere fact that the vehicle 
is pulled instead of being 
pushed is of no moment in 
itself so long as the pro- 
pelling force is in the same 
direction. 

In his article on front 
wheel drives’, P. M. Heldt 
points out that one condition 
in which front-drive vehicles 
have a tractive advantage is 
when the front wheels sink 
into a mud hole. He says 
that “the resultant of the 
weight on them and of the 
forward push of rear driving- 
wheels, tends to force them 
deeper and deeper into the 
mud. With front drive, on 
the other hand, the propelling 
force, which acts tangentially 
at the rim of the driving 
wheels, tends to lift them out 
of the hole.” This assumes 
that the front wheels are 
lower than the rear wheels, so 
that the propelling force, 
which is approximately par- 
allel to lines joining front and 
rear hub-centers, has a down- 
ward component. If, how- 


some net increase in me- 
chanical efficiency when 
rounding a turn besides re- 
ducing the skidding tendency; 
but the advantage may be off- 
set in part by an increase in the mechanical losses in 
universal-joints that transmit the drive at an angle. 
Probably neither item is of very great practical mo- 
ment. 

It is an unquestioned advantage, (5), to eliminate 
the long high-speed propeller-shaft needed with a rear- 
wheel drive, especially in vehicles having a long wheel- 
base, for long shafts have tendencies to whipping and 
periodic vibration. It is also difficult to assure good 
lubrication of high-speed universal-joints. Long mo- 
torcoach and truck chassis often need one or more 
propeller-shaft bearings for steadying purposes, and 
these add somewhat to first cost as well as to upkeep 
expense. 

Advocates of front drives contend that the alterna- 
tive, that is, two short universal-jointed shafts having 
lower speed and higher torque, is preferable, since any 
unbalance in the short low-speed shaft is less apt to 
cause vibration and noise. Although it is easier to 
retain lubricant in low-speed universal-joints, the front- 
drive generally has from two to four times as many 
universals as the rear drive; therefore it is question- 
able whether the lubrication problem is simplified. 


steering-angle 


IMPROVED TRACTION UNDER CERTAIN CONDITIONS 


While there seem to be certain conditions under which 
front-drive vehicles give better traction, (7), I have 
been unable to see any ground for the sweeping claims 


"See Automotive Industries, June 4, 1927, p. 831. 





(12) Difficulty of obtaining an adequate 





ever, we consider a condition 
similar in other respects but 
with the rear wheels in the 
mud hole and lower than the 
front wheels, the rear drive 
has the same advantage as the 
front drive in the other case. The two constructions 
therefore seem to be of equal merit in these two par- 
allel conditions. 

The front drive does appear to have an advantage, 
however, in plowing through a level stretch of fairly 
soft snow or mud, assuming equal weight on the driv- 
ing wheels in both cases. Here a component exists 
that tends to lift the front wheels over the mud or 
snow while the rear wheels follow in their tracks. 
There are said to be cases of this kind in which front- 
drive motorcoaches have been able to operate readily 
where rear-drive motorcoaches stalled. Other similar 
conditions doubtless exist in which driven front-wheels 
will “lift”? themselves over obstacles when the rear drive 
might not be able to force the front wheels over, but 
the practical importance of these conditions probably 
is less than those in which the rear drive has an ad- 
vantage, notably in hill climbing. 

T. J. Litle, Jr., says, regarding the possibility of 
decreasing noise, (8): 

If we isolate the powerplant from the body, as we 
do in the case of a front-wheel drive, we have a much 
quieter riding vehicle; for automobile bodies of today 
are efficient resonators and, when we provide a direct 
metallic path from the engine, which is the primary 
source of vibration, and telegraph the disturbance 
under the entire body, it is often next to impossible 
with rear drive to make such bodies quiet unless we 
resort to a soft non-resonant covering such as fabric. 


Another engineer mentions the difficulty of obtaining 








Vol. XXIII September, 1928 
252 S. A. E. JOURNAL 
















es —_—_ 


quietness when the spiral-bevel drive is mounted op that i 
the chassis frame, or in a unit with the powerplant, ag displa 
it is with most front drives. This leads me to question and { 
whether a front drive is likely to be quieter in practice spring 
than a rear drive, especially when the latter is insulated are el 
from the body to a certain extent by the springs. | brake: 
should expect the greater noise with the uninsulated at eit 


front drive unless a worm gear is employed, as the } the M 
frame might easily transmit the vibration and noise | front 
more positively to the body than would the rear springs, | aft 0 
If, however, it is a question of transmitting sound} shaft 
waves through the air, the front drive well may be the ing si 
more quiet, and it is likely to be so with worm drive Th 
unless the design is such that the engine must be placed brak! 





farther aft. 


Fic. 1—BoListrom TRUCK FRONT DRIVE FRONT BRAKING-MECHANISM ON THE CHASSIS 


This Drive Is Simils t Ss > Rez Jrives Exc : 
ee a a Se Se oe oe Brakes on the front wheels have at least three disad- 
Steering-Knuckles and the Universal-Joints. The Entire Axle- h b i] > howl 
Housing and Internal-Gear Drive Constitute Unsprung Weight, vantages that can be overcome easi y on a Car aving 
£ y 17a ° ’ ; 
but They Seem To Provide a Substantial Construction for Truck front-wheel drive: (a) they add to the unsprung weight 


Applications on the wheel, (b) they require an actuating mechanism 




















Fic. 2—FRoNT AXLE USED IN THE COLEMAN FOUR-WHEEL-DRIVE TRUCK 


The Novel Feature of This Design Is the Universal-Joint Inside the Wheel. The Wide Spread of the Yoke Bearings Reduces the 
Bearing Pressures at These Points. The Axes of the Yoke Bearings and the Steering-Pivot Are in the Same Plane 
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that is not affected by cramping the wheels or by the 
displacement of the axle when spring action takes place, 
and (c) they impose braking stresses on axle and 
springs. With front-wheel drives these disadvantages 
are eliminated by the simple expedient of mounting the 
brakes on the chassis frame, (9). They can be placed 
at either side of the differential, as in the Miller and 
the Marmon designs, or on the propeller-shaft either in 
front of the differential, as in the Rumpler design, or 
aft of the differential. When placed on the propeller- 
shaft, the differential automatically equalizes the brak- 
ing stresses between the two front wheels. 

The chassis mounting of the mechanism simplifies 
braking connections and, by relieving the axle and 





Fic. 3—CoLEMAN FRONT-AXLE PARTS 


springs of braking torque-reactions, permits the use of 
lighter parts and certain forms of construction, such as 
in the Alvis design, which otherwise would not be feasi- 
ble. Chassis-mounted brakes are very easily enclosed 
and are less likely to be affected by dirt, water and ice 
than are brakes mounted on the wheels. Brake cooling 
also is more effective than with propeller-shaft brakes 
on rear-drive vehicles. 


DECREASED UPKEEP COSTS 


As with rear-drive vehicles, servicing is greatly sim- 
plified and rendered less expensive if the design is such 
as to permit easy access to parts needing attention, 
(10). Such accessibility is obtained easily with front- 
wheel drives when the designer gives it due considera- 
tion. The clutch, the gearset and the differential, being 
in front of the engine, are easily reached. . If the design 
is well worked out, all parts likely to need relatively 
frequent attention are arranged for quick and easy 
detachment. As a general rule, the engine need not be 
any less accessible than in conventional types of rear- 
drive car. 

It is also easy to arrange the entire powerplant and 
front axle in a unit that can be detached easily and 
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Fic. 4—COLEMAN UNIVERSAL-JOINT 
The Very Large Diameter of the Universal-Joints Is Evident. 
This Is an Example of Class-1 Design in Which a More or Less 
Conventional Rear-Axle Type Has Been Adapted To Perform the 
Steering as Well as Driving Functions. The Complete and 
Rather Heavy Assembly Is Unsprung 


quickly from the chassis for shop servicing while a 
spare unit is substituted. This has been done in the 
Healey-Aeromarine motorcoach, in which the entire 
power unit and drive is detachable after removing two 
bolts. This is in great contrast with the trouble usually 
involved in taking a rear axle and powerplant out of the 
ordinary motorcoach-chassis, and the greater accessi- 
bility of the Healey-Aeromarine design is evident. 

The close grouping of all the important mechanical 
units of a passenger-car, motorcoach or motor-truck, 
can easily lead to inaccessibility of certain parts; but, 
if the designer displays equal skill in both cases, the 
front drive seems likely to be easier to service. The 
close combination should make it easy to oil all impor- 
tant parts from the main oil-supply of the engine, thus 
reducing the need for that class of service which poor 
lubrication so often makes necessary. 

It will hardly be denied that a less expensive rear 
axle, (11), is possible with front-wheel drive, but the 
important question is whether the front and the rear 
axles considered together will cost less. No categorical 
answer is possible, but it is probable that the total cost 
will be lower in certain designs, for the rear axle can 
be either a simple dead type or be discarded entirely in 
favor of pivoted arms of moderate cost, such as are used 
in the Rumpler and Alvis designs. The front axle, or 
the load-carrying part of it, also can give place to trans- 
verse springs as in the Itala and Alvis designs, or to 
distance-arms such as are used in the Healey-Aeroma- 
rine motorcoach. In these cases some other items such 
as knuckle forgings and extra universal-joints must be 
considered also; therefore the total cost may be either 
greater or less than that of conventional construction. 

Frames can be made more cheaply for front-drive 
vehicles in certain designs, partly because side-rails 
need have no kick-up, front or rear. In one design the 
ordinary frame has been eliminated and the body con- 
structed in such a way as tol’support its own weight 
as well as the passenger load. This particular con- 
struction may or may not decrease cost, but the case in 
favor of decreased frame-cost has some plausible argu- 
ments in’ its favor. 
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Fig. 5—BucciALI CHASSIS FRONT-SPRING SUSPENSION 


FREEDOM FROM SHIMMY TENDENCIES 


In his paper on Independently Sprung Front Wheels 
as a Remedy for Shimmy’, M. de Lavaud makes this in- 
teresting statement: 

One usually dilates upon the remarkable steadiness 
and roadability of cars fitted with front drive. One 
should note that front-wheel drive is, in principle, 
associated with independent front wheels. It is pre- 
cisely that independence, and not the fact that the 
drive is from the front, which produces those unques- 
tionable advantages that have been verified. My opin- 
ion is that, apart from a few practical and secondary 
advantages, the front-wheel drive does not, in itself, 
produce any real technical benefit. 


I agree that the individual springing of front wheels, 
for reasons which M. de Lavaud points out, undoubtedly 
is ‘to be credited with the elimination of shimmy 
troubles in front-drive cars; but the very fact that, as 
M. de Lavaud says, front-wheel drives usually are as- 
sociated with independent front-wheel springing is at 
least an indication that such drives lend themselves well 
to this type of construction. Hence it seems proper to 
include freedom from shimmying among the advantages 
of such front-drive design, although this benefit is not 
due to the drive as such. It is in order to say, however, 
that it is not essential to turn to the front drive to 
realize the non-shimmying advantage of independently 
sprung front wheels, and that front-wheel drives in 





® See THE JOURNAL, June, 1928, p. 623. 


Fic. 6—FRONT VIEW OF MILLER FRONT AXLE 


Part of the Bow-Shaped Dead-Axle and the Differential Cover Are Removed To Show the Arrangement of the Gearing. Some of These 
Axles Have Two-Speed and Some Have Three-Speed Gearsets 
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which the wheels are not independently sprung probably 
will not be free from shimmying. 


POSSIBLE DECREASE IN TIRE WEAR 

With a drive always parallel to the direction of mo- 
tion, front-tire wear should be at the minimum, (13), 
But the front-tire wear doubtless will increase because 
the tires, being driven, are abraded on account of spin- 
ning when traction is poor or when it is reduced to zero 
and suddenly increases to normal. This happens when 
a tire bounces off of the road surface, is accelerated by 
the drive through the differential, and again makes con- 
tact with the road. In these respects driving front tires 
becomes similar to driving rear tires, but an advantage 
may exist due to lessened unsprung-weight. Whatever 
is lost in greater front-tire wear due to front driving- 
forces should be gained in lessened rear-tire wear, with 
a probable net gain in favor of the front drive, all four 
tires being considered in both cases. This is said to be 
in line with actual experience, but whether the observed 
conditions can be considered as being strictly com- 
parable may be questionable. 


DECREASE IN TOTAL WEIGHT OF VEHICLE 


When springs or distance-members are made to take 
the place of axles, the saving in total weight, (14), as 
compared to a similar vehicle with ordinary dead axles, 
is considerable. On the other hand, at least a part of 
this weight can be saved by using a somewhat similar 
construction and retaining rear drive. Therefore, the 
gain cannot be credited to the fact that the drive is 
to the front. If we consider certain types of front- 
wheel-drive car as a whole, however, it is fair to say 
that the weight well can be made less than that of a 
comparable vehicle of conventional design. Consequent- 
ly, we are justified in listing weight saving as a possible 
advantage. It seems likely also that some frame and 
some body weight can be saved but, in the absence of 
comparable data covering specific designs, a positive 
statement to that effect is not warranted. 


DECREASED SIDE-SWAY 

Published reports of unofficial trials of certain front- 
wheel-drive cars refer to comparative freedom from 
side-sway (15), in rounding turns. This, 
due more to springing, possibly to individual wheel 
springing, than to anything inherent in the front-wheel 
drive itself. For this reason I merely list decreased 
side-sway as a possible advantage of certain designs 
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using front drive, although I am inclined to believe a 
similar claim might apply just as well to certain un- 
conventional rear-wheel-drive designs also. 


DECREASED THRUST ON FRONT-WHEEL BEARINGS 


W. H. Douglas, who has had, I believe, as long an 
experience with front-drive vehicles as any American 
engineer and is largely responsible for the Healey-Aero- 
marine design, points out that the universal-joint and 
the steering-system used in this motorcoach gives a 
maximum steering-angle, of 53 deg. He adds that the 
allowable steering angle of rear-driven vehicles is lim- 
ited by the side-thrust on the front wheels. It is evident 
that rear drives do impose heavy side-thrust on front- 
wheel bearings, that such thrusts increase materially 





co 


RACING CAR WITH A RUCKSTELL AXLE 


Fic. 7—MARMON 


This Design Is Typical of the Designs in Class 2 in Which the 

Steering-Knuckles Are Joined and Positioned by a Dead Axle, but 

in Which the Differential, the Brakes and the Gearset Are Sprung, 
Being Mounted in a Unit with the Engine 


as the.steering angle is increased, and that the thrust 
is far less, (16), with front-wheel drive. It may well 
follow that a front-drive motorcoach can use a larger 
steering-angle than one with rear drive and not be sub- 
ject to excessive thrust on front wheels and their bear- 
ings. In any case it hardly will be denied that the 
Healey-Aeromarine motorcoach has an _ exceptionally 
large steering-angle and a correspondingly small turn- 
ing-radius for so long a vehicle. 


FRONT SPRINGS AND AXLE RELIEVED OF BRAKING TORQUE 


Any construction which relieves the front springs and 
axle from the torque reaction due to braking, (17), and 
still provides braking on front wheels, offers a distinct 
advantage; and this is the case with most front-drive 
designs. Brakes can be carried at the inner end of each 
driveshaft, or on the propeller-shaft, preferably forward 
of the differential where the cooling effect is good. Such 
a construction also makes for simple brake-controls and 
a reduction in unsprung weight. 


SUMMARY OF ADVANTAGES 


Even though numerous reservations attach to this 
rather formidable list of front-wheel-drive advantages, 
the case for such drives has strong arguments in its 
favor. We have yet to examine the disadvantages. 





] 


Fic. 8—RUCKSTELL GEARSET AND DIFFERENTIAL USED ON 


THE MARMON RACING CAR 


It Should Be Noted That the Gearset Is Placed Beside the Differ- 
ential. With This Arrangement There Need Be No Material 
Increase in Over-All Length of the Powerplant, and the Engine 


Need Be Placed Little, if Any, Farther Aft Than with Rear-Wheel 
Drive 


DISCUSSION OF DISADVANTAGES 

Since maximum tractive-effort is a direct function of 
the weight on the driving wheels, (1), a decrease in 
that weight reduces tractive effort proportionately. 
This is of small moment so long as the minimum is 
enough to propel the vehicle without undue slippage, 
but below this minimum the vehicle stalls. In a pas- 
senger-car, with all the weight of the engine and driving 
mechanism forward and the weight of passengers rela- 
tively small in proportion to the total weight on the 
front axle, the chance of insufficient traction is not very 
great; but, in a motorcoach or motor-truck designed for 
heavy loads on the rear axle, the case is wholly differ- 





Fic. 9—SprING SUSPENSION ON THE MARMON RACING CAR 


The View Shows One of the Two Pairs of Quarter-Elliptic Springs 

Which Support the Front of the Chassis. The Position of the 

Brake-Drum Should Be Noted; It Is Accessible and Is in Good 

Position To Assure Proper Cooling, Yet It Constitutes Part of the 
Sprung Weight 
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ent. This is true especially in climbing a heavy grade, 
a condition frequently requiring maximum traction, as 
the inclination of the vehicle lightens the load on the 
front axle and increases it on the rear axle. A greater 
front overhang helps to some extent, but many cases 
are on record in which front-drive trucks have stalled 
on hills, especially when the footing of the road was poor. 

Basing his remarks on some 70 front-wheel-drive 
motorcoaches that have operated millions of miles in 
Chicago, G. A. Green mentions the difficulty of obtain- 
ing a satisfactory weight-distribution to provide suffi- 
cient front-wheel traction as the first disadvantage. 
We have heard of one case, however, in which a front- 
drive motorcoach is reported to have operated in snow 
when rear-wheel-drive vehicles stalled. 

Just as weight is transferred from rear to front 
wheels when braking, so it is transferred from front to 
rear wheels when accelerating. This also militates 
against the front-wheel-drive vehicle under a condition 
in which the need for traction is great. It is therefore 
apparent that decreased traction does limit the useful- 
ness of some classes of front-drive vehicle, though it 
probably is not a serious disadvantage in passenger- 
cars. In some cases, in fact, the traction actually is 
greater than with rear drive. 


POSSIBILITY OF GREATER INJURY IN COLLISION 


With a differential and live axle “sticking out in 
front”, these units are perhaps more likely to be dam- 
aged seriously in a collision, (2), than in a vehicle of 
conventional construction. This does not apply to all 
front-wheel-drive designs, but is properly urged against 
some and has led the makers of the Tracta car to pro- 
vide a substantial bumper as an aid to selling their 
product. Radiators and engines of rear-drive vehicles 
often are injured in collision, but the damage to a front- 
wheel drive might easily prove more serious under 
similar conditions. 


DIFFICULTY OF OBTAINING SATISFACTORY WEIGHT- 
DISTRIBUTION 


This difficulty, (3), is almost insuperable in some 
cases, especially in motor-trucks. It has been met in 
some motorcoach designs and also in motor-trucks for 
special purposes, but inability to get satisfactory 
weight-distribution has resulted in serious trouble in 
other cases. In passenger-cars it seems to be less diffi- 
cult to distribute weight so as to give as much traction 
as is required under all ordinary conditions. 
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INCREASED OVER-ALL LENGTH 


The disadvantage, (4), that front-wheel drive re- 
quires a vehicle of longer wheelbase than is needed for 
a similar body on a rear-drive chassis, has been cited 
by J. G. Vincent and other engineers. No doubt this is 
true if the gearset and differential are placed in front 
of the engine and the engine is moved back in the 
chassis. Strangely enough, however, a similar dis- 
advantage in over-all length does not preclude the use of 
an eight-in-line engine when the sales possibilities of 
a car with such an engine are considered good enough! 
Although there are difficulties it does not seem im- 
possible to design a front-wheel-drive car which, for a 
given body length, would have very little if any in- 
crease of over-all length. Suppose, for example, that 
we take a conventional chassis and merely turn the 
engine around, without moving it forward. We can 
then bolt up a differential housing which would come 
but little if any farther forward than the present radi- 
ator. The center line of the front wheels then would 
come about at the radiator, where it is now. The gear- 
set could then be placed forward of the radiator, in a 
space now seldom used to advantage, or be placed be- 
side the differential as in the Marmon and tie Miller 
designs. With such an arrangement there would be 
little increase in over-all length or in wheelbase. 

It is impossible to make exact comparisons without 
using scale layouts, but I venture to predict that an 
engineer who set out to design a front-whecl-drive car 
with a given length of body and engine, and who made 
an effort to keep the over-all length within that for a 
similar car of conventional cesign, would find a way of 
doing it satisfactorily. Despite these alternatives, it 
appears to be fair to list greater over-all length or 
increased wheelbase as one of the disadvantages of a 
front-drive vehicle, for there are admitted difficulties 
in developing a design without such an increase. 


INCREASED COMPLICATION OF DRIVING MECHANISM 


The greater complication of a front-wheel drive, (5), 
is among the disadvantages invariably mentioned by 
those who do not favor front-drive design. Here, as in 
certain other cases, the argument undoubtedly is sound 
for certain types of construction, but it is open to ques- 
tion for other types. If we consider designs such as 
those falling in Class 1, there probably is a disadvantage 
in the front drive on the score of complication. What 
we do in effect is to interchange the front and rear axle, 
making the latter a one-piece forging. The front axle 
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Fic. 10O—WeEIss UNIVERSAL-JOINT AND SHAFT CONSTRUCTION 


Drive 


This Is Similar to That Used in the Marmon 
Universal-Joints Are Designed To Give Uniform 
Rolling Contact; 


Racing Car and in Experimental Front-Drive Cars Now Undergoing Test. 
Angular Motion. 
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The Inner Universal-Joint Permits 1 In. of Axial Motion on @ 


Hence, No Sliding Spline Is Required 
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Fic. 11—WEISS FRONT-DRIVE UNIVERSAL-JOINTS AND SHAFT 
ASSEMBLY 
The Ball Raceways of the Inner Joint Are Straight; Those in the 
Outer Joint Are Curved and Permit Angular Deflections in Excess 
of 30 Deg. 
is altered to provide steering-knuckles and a universal- 
joint drive to short stub-axles. In this case the stub 
axles and at least two of the four universal-joints rep- 
resent extra parts, and the knuckle forgings become 
larger and more complicated. If, on the other hand, we 
compare conventional construction with designs such as 
those in Classes 2 and 3, it is a question whether the 
complication actually is increased. 

To make the comparison fair, it is necessary to com- 
pare not only the two front-axles but the mechanism of 
the vehicle as a whole. Without going into too much 
detail we have in both cases a propeller-shaft, but with 
front-wheel drive it usually is merely an extension of 
the tail shaft of the transmission and requires no uni- 
versal-joint. We therefore save either one or two uni- 
versal-joints in respect to this item and also avoid the 
use of a torque-tube or a torque-arm which is used in 
some cases. As to the rear axle, we already have pointed 
out that this can be a very simple structure, either 
straight or cranked, or it can be eliminated in favor of 
wheels fixed at the end of pivoted radius-arms. In 
either case there will be a considerable saving in com- 
plication as compared with the present conventional 
type of rear axle with its expensive hollow housing, two 
live-axles and the like. 

Considering the front axle, we find that this can be 
a simple tube bowed forward, such as is used on the 
Marmon and the Miller racing cars, or a somewhat more 
complicated tubular structure such as is employed by 
Tracta. But the carrying member proper need not be 
more complicated than the present Elliott or the re- 
versed Elliott front-axle center. Even this can be done 
away with by making springs or distance-members the 
supporting part, as is done in several designs described 
herein. In any case we require knuckle forgings of 
some form; and these probably will be somewhat more 
expensive, if not more complicated, in the front-wheel- 
drive design. The bevel drive-gear, bevel pinion and 
differential will be approximately the same as in present 
conventional construction, but the housing probably will 
be somewhat less expensive since it can be cast rather 
than forged. 

We now require two drive-shafts similar to the live 
Shafts used in a rear axle, except that four universal- 
joints are needed, one at each end of each shaft, this 
being two or three more than are required for the 
conventional rear drive. These universal-joints must 
be designed to carry greater torque than in a rear-drive 
vehicle, but do not run at such high speed. The short 
Stub-axle required in each wheel is a relatively simple 


part and probably would be no more expensive than the 
ordinary front-axle spindle. 

If we now strike a balance, we find that the only im- 
portant extra parts required for the front drive are two 
or three extra universal-joints, while on the other side 
of the ledger we save a heavy rear-axle housing, which 
is an expensive forging, a torque-tube or a torque-arm 
in some cases, and a front-axle center in others. There 
also may be some other relatively minor credits, de- 
pending upon the specific type of design employed, but 
it seems possible in certain cases actually to reduce com- 
plication by using a front-wheel drive. 


DECREASED SPACE FOR THE RADIATOR 


Whether there is actually less room for a radiator 
in the front-wheel-drive design, (6), depends again 
upon the type of construction employed. In certain 
cases there doubtless will be less room, but in no case 
does it seem impossible to provide a radiator of ade- 
quate size without great difficulty. 


FRONT AXLE AND DRIVING MECHANISM COSTS 


Here, as in other cases, we must deal largely in 
generalities since detailed and specific data for com- 
parisom are not at hand. If we grant, however, that 
a front drive is more complicated than a rear drive, as 
appears to be the case in certain instances, then the 
expense doubtless will be greater, (7). If, on the other 
hand, we confine ourselves to certain other types of 
front-wheel drive, there appears to be at least a possi- 
bility of less complication and less expense. 


INSUFFICIENT ROAD-CLEARANCE WITH SMALL WHEELS 


While insufficient road-clearance, (8), is doubtless 
very real in some front-wheel-drive designs, such as in 
the Marmon racing car in which there is a road clear- 
ance of only 1 in. when the tires are completely deflated, 
presumably it can be overcome readily in other types 
of design. In the Itala and the Alvis designs there 
is practically nothing below the transverse springs 
except the drag-links, and these can be placed higher 





Fic. 12—FRONT AXLE OF WALTER FouR-WHEEL-DRIVE TRUCK 


In This Design the Dead-Axle Center Joining and Positioning the 


Steering-Knuckle Is Placed below the Differential, Which Is 

Mounted on the Frame. The Second Reduction Is by Internal 

Gear and Pinion within the Wheel; Hence, the Torque on the 

Universal-Joints Is Less Than in Single-Reduction Designs Trans- 
mitting the Same Power 
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Fic. 13—TuHe Tracta, a RECENT FRENCH DESIGN 


Unlike the Other Designs in Class 2, This Has a Dead Axle That 

Is Sprung. The Wheels and Parts Immediately Adjacent to or 

Inside Them Constitute the Whole Unsprung Weight. The Springs 

Are of Helical Type and Are Located Inside Cylindrical Steering- 
Knuckle-Pivot Guides 


by adopting an expedient similar to that used in the 
Healey-Aeromarine design. 


DIFFICULTY OF GETTING A QUIET DRIVE 


A difference of opinion exists as to whether a front 
drive will be more quiet than a rear drive, (9). One 
prominent engineer contends that it is difficult to make 
a bevel gear quiet enough when it is in a housing on 
the frame, as would be the case with the ordinary 
front-wheel drive. Another of equal prominence takes 
the view that when the drive is carried back under the 
body in conventional fashion there is likely to be more 
noise than if a front drive is employed. I do not know 
which of these two views is correct, but I venture the 
opinion that it will not be a difficult problem to provide 
a quiet front-wheel drive of some type, once engineers 
apply themselves to this task. No doubt a worm drive 
would be sufficiently quiet. 

While the disadvantage of possible decrease in me- 
chanical efficiency, (10), seems to be of very minor 
consequence, it probably is true that the mechanical 
efficiency of the front drive itself may be slightly lower 
under certain conditions than is the rear drive. Such 
a contention is based on the tacit assumption that, 
when the wheels are cramped, there is a mechanical 
loss in the universal-joints which would not occur with 
rear drives. Tests mentioned by C. W. Spicer in his 
paper on Action, Application and Construction of 
Universal-Jointst have shown that such losses are very 
small indeed even when the universal-joints drive 
through a considerable angle. I refer to a construction 
in which the angular motion is uniform, since this 
appears to be the only type of layout sanctioned as 
good practice. With the Weiss type of joint, which I 
shall describe later, the contacts are rolling instead of 
sliding; hence, the frictional loss is reduced almost 
to the vanishing point. 

The propelling force in a front-wheel drive is always 
in the direction of the plane of motion of the wheels, 
but this is not true on turns with the rear-wheel drive. 
Consequently, there is at least an incipient slippage 





See THE JOURNAL, December, 1926, p. 627. 
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at the front wheels when they are cramped, and this 
might be expected to increase the frictional losses more 
than they would be increased by the drive through a 
universal-joint operating at a considerable angle. 


INCREASED LOAD ON FRONT-AXLE STEERING-PIVoT 


While it is a disadvantage to have an increased lozi 
on the front-axle steering-pivot, (11), there is a certain 
compensation in having a smaller load on the rear axle. 
The disadvantage is that it makes steering somewhat 
harder, especially in motor-trucks and motorcoaches. 
It is not certain, without specific comparison, that the 
load on the front axle would be increased materially 
in all passenger-car designs, especially if the engine 
is placed farther aft and a lighter front axle or its 
equivalent is used. On passenger-cars, there probably 
would be only a small difference in any case, and it can 
be offset by using a trifle greater reduction in the 
steering-gear. 


DIFFICULTY OF OBTAINING AN ADEQUATE STEERING- 
ANGLE 


The maximum steering-angle, (12), in some front- 
wheel drives is limited by the allowable angularity 
under which the universal-joints can operate satis- 
factorily. If this angle is less than is readily possible 
with rear-wheel drive it is a real disadvantage; but 
we have noted already that a larger angle than is 
common with rear-drive vehicles can be and is employed 
with satisfaction in the Healey-Aeromarine motor- 
coach, in which the maximum steering-angle is 53 deg. 
Apparently, then, the difficulty in getting an adequate 
steering-angle applies only to designs in which the 
variation in angular velocity would become excessive if 
the steering angle were increased. 


SUMMARY OF DISADVANTAGES 


A total of 12 disadvantages credited to the front- 
wheel drive may seem rather formidable; but, as noted, 
most of the disadvantages are overcome readily by 
simple modifications in design. Those which remain 





Fic. 14—PARTS OF THE TRACTA FRONT-WHEEL DRIVE 


The Universal-Joints Are Said To Give Uniform Angular Velocity 
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are in no Way serious and probably are no greater than 
those which can be cited against most important me- 
chanical features of the common automobile of today. 


ADVANTAGES PROBABLY OUTWEIGH DISADVANTAGES 


Before preparing this paper I was inclined to think 
that the disadvantages of the front-wheel drive 
outweigh the advantages, when compared with the 
conventional rear-drive design, but the more I study 
front-wheel-drive design, the more inclined have I be- 
come to believe that the reverse is true. The number 
of advantages listed is greater than the number of 
disadvantages, and I think the advantages are also 
rather more important. This is largely a matter of 
opinion, and I have no quarrel with those who hold 
the contrary view. My opinion has been formulated 
entirely from a paper study of existing design, as I 
have had no actual experience with front-wheel drives. 
With one or two notable exceptions, however, these 
conclusions seem to coincide closely with those ex- 
pressed by several other engineers who have made 
some study of front-wheel design, and most of whom 
have had practical experience with such designs. 


FRONT-W HEEL-DRIVE TYPES COMPARED 


Having studied the pros and cons of front-wheel 
drive design in general, a brief discussion of the 
various types concerning which I have been able to 
collect more or less information perhaps will be helpful 
to those who are not already familiar with the present 
status of the subject. A large portion of the particu- 
lars given herein necessarily has been taken from 
published descriptions, but I believe that several of the 
designs presented have not been described in American 
publications and that some have not hitherto been pub- 
lished. All these designs will be considered under 
Classes 1 to 3, as already stated. 


SPECIFIC EXAMPLES OF CLASS 1 


In the Bollstrom truck, shown in Fig. 1, the front 
axle resembles one form of rear axle except that 
steering-knuckles with universal driveshafts are pro- 
vided. In this case there is an internal-gear reduction 
inside the wheel. This and the central housing with its 
differential and primary reduction-gearing add to the 
wmsprung weight, but they present a rugged type of 
construction apparently well suited to truck appli- 
cations’. 

Although the Coleman truck is a four-wheel-drive 
vehicle, the front axle is more or less typical of designs 
in Class 1. As shown in Figs. 2, 3 and 4, however, only 
one universal-unit is employed in each wheel. This 
is an unusually large universal-joint with the yoke 
bearings on a diameter almost equal to that of the 
Wheel itself. The steering-knuckle pivot is at the 
center of the wheel and in the same plane as the 
universal-joint bearings. This involves the use of 
Wheel bearings of very large diameter, and is a heavy 
construction which adds considerably to the unsprung 
weight, but it seems well suited to the heavy trucking 
service for which it is designed. Apparently, it does 
not permit a very large steering-angle, but it has the 
advantage of placing the universal-joint pivots at such 
a large diameter that the bearing pressures on them 
are relatively low. 


_ 
5See Automotive Industries, March 10, 1921, p. 546 


*See Automotive Industries, June 4,°1927, p. 831. 









































































Fic. 15—SECTIONAL VIEW OF THE KAMM FRONT DRIVE 
The Steering-Knuckle Is Guided by Brackets Attached to the Stiff 


Frameless Body, The Wheels Are Individually Sprung. In Prin- 

ciple, the Construction Is Similar to That of the Tracta, but the 

Structure Itself Is Very Different. Both Designs Have Coil 
Springs above the Steering-Knuckles 


Another example of a design falling in Class 1 is 
one of the few French front-wheel-drive cars, known 
as the Bucciali, in which, according to Omnia, a 
French periodical, the front axle is connected to the 
engine by a short universal-shaft. The axle center is 
similar to those used in conventional rear axles. The 
entire front-axle assembly is unsprung. The car is in 
very limited production. Details concerning its con- 
struction are lacking but, according to the article 
by P. M. Heldt’, the engine, clutch and transmission 
form a unit. 

As shown in Fig. 5, the front springs are of the semi- 
elliptic cantilever type and are arranged at an angle to 
the longitudinal axis of the chassis. The rear ends of 
the springs extend through slots in the web of the 
frame channels, the center mountings being just out- 
side this channel as shown. The springs are jointed to 
the trumpet-shaped axle tubes at their forward ends. 
Universal-joints are said to be “enclosed in the steering- 
knuckles in the usual way.” 


DESIGNS TYPICAL OF CLASS 2 


In Class 2 is included what is perhaps the best- 
known American front-wheel drive for passenger-cars; 
namely, that used on the Miller racing-car and shown 
in Fig. 6. The steering-knuckles are pivoted to a 
tubular carrying member which is bow-shaped in plan 
view and passes around the front of the car. To this 
front axle are welded shackles which are attached to 
four short quarter-elliptic springs, two on each side 
of the chassis, and arranged so that two are above and 
two below the axle. With this construction the un- 
sprung weight is not much greater than that of a 
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Fic. 16—FRONT-DRIVE ASSEMBLY OF 


THE UPPERCU COACH 


This Design Was Used on Early Models. The Steering-Knuckles 

Were Connected to the Chassis by the Heavy Transverse Spring 

and Hinged A-Shaped Links. The Central Housing Is Carried on 
the Frame. The Novel Steering-Layout Should Be Noted 


conventional front-axle. Although the outer universal- 
joint adds somewhat to the unsprung weight, the brake- 
drums are not on the wheels but are carried on the 
chassis at each side of the differential; hence, there 
is an offsetting gain on this score. This is a Ruckstell 
axle which incorporates either two or three gear reduc- 
tions inside the axle housing itself, that is, one casing 
houses both differential and transmission gears. These 
are carried on the chassis frame and their weight 
therefore is sprung. 

This same type of Ruckstell axle is used also in the 
new Marmon racing-car design, views of which are 
shown in Figs. 7, 8, and 9. The universal-joints em- 
ployed in Marmon cars are of the Weiss design, shown 
in Figs. 10 and 11. This universal-joint possesses the 
peculiar advantage of transmitting a uniform angular 
motion between two shafts set at an angle to each other, 
which is not true of universal-joints of the conventional 
type. The yokes do not carry pins and bushings, as 
in the conventional type, but bear upon steel balls resting 
in suitable grooves cut in the yokes themselves. Because 
this joint transmits uniform angular motion, it is 
particularly well adapted for use in a front-wheel drive. 
The joints also take up a certain amount of end motion 
through the rolling of the balls in their raceways; 
hence, under certain conditions, no square or splined 
slip-joint is required and a rolling contact is substi- 
tuted for sliding contact. 

In the Marmon design the front end of the engine 
is bolted directly to the differential case, and the 
gearset, itself does not increase the over-all length of 
the assembly. The radiator is placed immediately 
above the differential housing. With this arrangement 
applied to a conventional chassis, neither the wheelbase 
nor the over-all length would be materially increased 
as compared with a conventional rear drive. 


DESIGN OF THE WALTER TRUCK 


In the Walter truck we have another embodiment of 
Class-2 design in which the differential is mounted on 


the frame and the two steering-knuckle pivots are 


connected by a rigid carrying-member, as shown in Fig, 
12. In this case the axle center is designed more nearly 
like a conventional front-axle, and is placed underneath 
the differential housing. Two gear-reductions are 
used, the second one being inside the wheel. This 
makes it possible to place the transverse universal-joint 
shaft well above the center of the wheel and makes the | 
torque which this shaft and universal must transmit} 
less than if the total reduction were made at the differ. | 
ential. The universal-joint shafts run at a slower speed | 
than that of the crankshaft, due to the primary reduction | 
between the bevel-drive pinion and gear, but at a higher 
speed than the wheels. 


As compared with a hollow axle carrying a differential, | 


the Walter form of construction seems to have some 
advantages on the score of less unsprung weight, despite 


the fact that an internal gear and pinion must be carried | 


inside each wheel. A similar axle is used at the rear 
of this truck, but no steering-knuckles are provided be- 
cause steering is done by the front wheels only. 


FRENCH TRACTA DESIGN 


One of the few and recent French front-wheel-drive | 
designs is that known as the Tracta, shown in Fig. 13. | 


It has individually sprung front wheels with knuckle- 
pivots connected by two horizontal tubes, one above and 
one below the center line of the wheels. These tubes are 
a part of the sprung weight. The total unsprung weight 
is made up of the wheels, outer universal-joints, steer- 
ing-knuckles, and live-axle ends. Fig. 14 shows details 
of the universal-joints and their housing. This joint 
seems to be a double type and is said to transmit a 
uniform angular motion between the two shafts which 
it connects. The springs are of helical form enclosed 


Fic. 17—-FRAME OF THE EARLY FoRM OF UPPERCU COACH 
The 
bly. It 


Loosening 


Sub-Frame Carries the Powerplant and Driving-Gear Assem- 
Is Made So As To Be Quickly and Easily Detached after 
Two Bolts, One of Which 


the Right 


Is Shown in the Drawing at 
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Fic. 18—NoveL METHOD OF MOUNTING REAR WHEELS ON 
THE UPPERCU COACH 
The Wheel-Spindle Is Carried at the Rear End of the Box-Section 
Radius-Arm Which Is Pivoted to the Frame. There Is No Rear 
Axle in the Ordinary Sense of That Term 


within the cylindrical housing above the _ steering- 
knuckle pivot. On the whole this seems to be a clean 
design which is worthy of close study. 


THE KAMM, A GERMAN DESIGN 


A German front-wheel-drive car described by Mr. 
Heldt’ is that known as the Kamm, in which the body 
itself serves as a frame and also provides the guides 
for the mounting of independently sprung front and 
rear wheels. Fig. 15 shows a sectional view of the 
front-wheel supporting-bracket and the front-wheel 


drive. The suspension is by a long coiled spring 
above the steering-knuckle, with a _ shorter helical 
spring below. The two univer- 


sal-joints at each side of the dif- 
ferential case are of the fabric type, 
but the two inside the wheels are of 
all-metal construction and are en- 
closed in a spherical housing. The 
universal-yoke bearing-axes lie in the 
same plane as that of the knuckle- 
pivot axis. The short spindle-shaft 
is supported in a single ball-bearing 
and is keyed to the wheel hub, which 
latter is supported in a ball-bearing 
mounted on the outside of the spindle. 


CLASS 3 TYPES WITH No DEAD AXLE 


The Class-3 types without the dead 
axle seem to me to be the most prom- 
ising of all front-wheel-drive designs 
for passenger-cars, and interesting 
details regarding American, British, 
Italian, French and German designs 
are illustrated herewith. 

A most interesting American de- 
Sign in this class has been applied 
thus far only to motorcoach chassis, 
although it seems to be adaptable also 


Fic. 19 


The Novel Form of Springing Which Takes the Place of the Transverse Spring For- 





™See Automotive Industries, June 4, 1927, 
Pp. 831. 4 
. ‘ to the Frame. 
SSee Automotive Industries, Oct. 16, 1924. bi , 
bp. 678. 
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— merly Employed on the Uppercu Coach Should Be 
Gearset, the Clutch and the Fan. 
The Strut and the Secondary Link Which Transmit Wheel Defiections 


to other classes of vehicle. I first saw this design in 
October, 1924, and prepared a description which was 
published at that time’. The vehicle incorporating this 
design then was called the Uppercu Coach. (See Figs. 
16, 17 and 18.) The design was the work of W. H. 
Douglas and his associates, and since has undergone 
some extensive revision. The reasons for these changes 
are interesting as showing what experience with this 
type of design has brought forth. The chassis, as de- 
scribed, was one of the first experimental models. The 
powerplant and driving mechanism were, and still are, 
made as a separate unit which can be disconnected by 
loosening two bolts; it can then be rolled out from 
under the chassis. This unit includes not only the en- 
gine but the clutch, the gearset and the differential, as 
well as the parts which take the place of the front axle. 
As originally designed, the powerplant was placed in 
conventional position with flywheel and gearset located 
at the rear. The drive was then taken by a wide silent 
chain to a countershaft running underneath the engine 
to the differential attached to the front end of the 
frame. From the differential, the drive was taken by 
two universal-joint shafts direct to the wheels. There 
was no front axle in the ordinary sense of this term. 
The weight-carrying member was a heavy transverse 
spring, the outer ends of which were pivoted to the 
upper ends of the steering-knuckles. The lower ends 
of the knuckle-pivots were positioned by A-shaped links, 
the wide ends of which were hinged to the chassis. 
Instead of being carried on a through axle, the rear 
wheels were carried on stub axles at the end of two 
box-section arms pivoted to the main frame of the 
chassis. This made it possible to use a level body- 
platform very close to the ground. The platform re- 
quired no bumps or raised portions in the floor to 
permit axle motion. The low floor gave ample ground- 
clearance and also made possible a body with ample 
headroom but with a roof considerably lower than in 





HEALEY-AEROMARINE POWERPLANT AND FRONT DRIVE 


Noted; Also, the Location of the 
The Knuckles Are Positioned by the Links Hinged 


to the Horizontal Helical Spring Are Evident 
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conventional body-designs. Quick detachment of the 
complete powerplant and driving mechanism made it 
easy to substitute spare units, and thus keep a fleet 
of vehicles in continuous productive operation without 
the loss of time ordinarily occasioned by periodic 
repairs. 

In the Uppercu Coach design the front wheels could 
be turned to an angle of 53 deg., and a chassis of 
220-in. wheelbase could be turned around in a 50-ft. 
street without backing. The actual turning-radius 
was 28 ft. 

As is evident in Figs. 19 to 23, which show the 
later design referred to here as the Healey-Acromarine, 
the engine has been turned around so that the flywheel 
is in front. The drive is taken through a short 
propeller-shaft and a hollow worm and gearset shaft 
to the clutch, which is mounted in front of the gearset 
and directly behind the fan and radiator. From this 
clutch the drive is back again to the four-speed gearset, 
and thence in conventional fashion to the worm itself. 
Universal-joint shafts connect the differential to the 
front wheels, this arrangement being similar to the 
earlier layout except that metal universal-joint hous- 
ings are substituted for the leather boots formerly 
used. 

In place of the transverse spring originally employed 
in the Healey-Aeromarine design, a horizontal helical 
spring is substituted. The steering-knuckles are posi- 
tioned by two A-shaped links at each side, the wide 
ends of these radius members being hinged to suitable 
lugs attached to the powerplant. Attached to each of 
the upper radius-members is a strut and a secondary 
hinged arm arranged so that the upward pressure of 
the knuckle produces inward pressure against a trans- 
verse helical spring. The other end of this spring is 
positioned against a similar strut on the other side 
so that the reaction is taken by the other wheel and 
not by the frame, as was the case with the heavy trans- 





Fic. 20—HEALEY-AEROMARINE CLUTCH, GEARSET, AND WORM DRIVE-GEARS 
The Flywheel at the Left Drives, Through a Flexib’e Coupling, a Propeller-Shaft Which Runs Through 


the Hollow Worm and Gearset Shafts to the Clutch 


Attached to the 5 
Drive Is Back Through a Fuller Gearset to the Worm in Conventional Fashion. 
Linkage Is Mounted below the Gearset 
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Fig. 21—HEALEY-AEROMARINE FRONT LINKAGE 
The Linkage Takes the Place of a Front Axle. Upward Displace- 
ment of the Wheel Causes the Knuckle, the Upper End of Which 
Is Supported by the Lower Link, To Move Upward Also. The 


Strut Transfers This Movement to the Vertical Link, Which Bears 
Against the Horizontal Helical Spring. 
Through a Similar Linkage to the Other Knuckle The Small 
Shaft Carries Rubber Blocks or Bumpers Which Prevent Exces- 
Motion 


The Helical Spring Reacts 


sive 


verse spring used in the original design. Mr. Douglas 
kindly has furnished the following particulars concern- 
ing the latest design, and the reason for changing from 
the earlier one: 


The main reason for departing from the system of 
drive described in Automotive Industries of Oct. 16, 
1924, was to secure better distribution of weight, less 
destructive effects on the body due to torsional stresses 
chargeable to the front cross-spring suspension, and 
the excessive cost of the chain case and other mem- 
bers involved. The front suspension as originally 
constructed with 
leaf cross-spring 
and radius-arms was 
also expensive and, 
in addition,, it was 
found difficult to ob- 
tain sufficient clear- 
ance for the steering 
linkage and drive- 
shafts under full 
3pring-compression 
and rebound. 

In the 25 motor- 
coaches built for the 
New York Railways 
Co., we used a gir- 
der type of body of 
sufficient rigidity to 


discard the conven- 
tional frame mem- 
bers entirely. This 


construction gave a 
floor height of 14 
in., with adequate 
road clearance. The 
original power unit 
with the propeller- 
shaft under the en- 
gine would have 
been too high in 
connection with a 
body of this descrip- 
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tion, and this was another reason for the new design. 

The present powerplant, shown in Fig. 19, is made 
up of a conventional engine turned around so that the 
flywheel faces forward. An aluminum casting bolted 
thereto, which contains the worm drive and gearset, 
has lugs to which the radius-arms are pivoted. The 
propeller-shaft is flexibly connected to the fly-wheel 
and passes through a hollow worm and gearset shaft 
to the clutch, which is located at the extreme front. 
The torque is transmitted back through the gearset 
to the worm. 

The clutch housing, with fan vanes attached there- 
to, and the gearshift lever, projecting outwardly 
from the gearcase in the left side, are shown in 
Fig. 20. A straight rod connects this lever with a 
conventional gearshift lever located in the usual po- 
sition in relation to the driver’s seat. The clutch is 
similarly actuated by rod connection to a pedal lo- 
cated in the usual position. 

The helical-spring suspension shown in Fig. 21 is 
a recent invention of ours and has much to recommend 
it. The total weight is only about one-third that of a 
cross-spring suspension. With this spring we obtain 
a perfect three-point suspension throughout the full 
spring range until the bumpers contact, and no body- 
twisting strains occur until then. As the reactions are 
against the opposite wheel in the event of one wheel 
striking an obstacle, the entire spring is in use to 
absorb the shock. If impact is equal and simultaneous 
on both wheels, the spring absorbs both loads. The 
front-wheel assembly is shown in Fig. 22, and the 
steering-linkage in Fig. 23. 

We tested the first vehicle of the late design with a 
dead load of 13,000 lb., the gross weight being more 
than 26,000 lb., driving it 24 hr. per day over back- 
country roads for more than 20,000 miles. During this 
mileage rain, snow and icy roads were encountered, 





KNUCKLE, AND UNIVERSAL-JOINT ASSEMBLY 


This Universal-Joint Permits the Wheel To Be Cramped Through 
an Angle of 53 Deg. without Variation in Uniform Angular 


Velocity 


22.—HEALEY-AEROMARINE FRONT-WHEEL, STEERING- 
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Fig. 283—HEALEY-AEROMARINE STEERING-LINKAGE 
The Cross-Link or Tie-Rod Is Made in Two Parts To Avoid Inter- 
ference with the Wheels, Which Have a 53-Deg. Steering-Angle, 
and To Accomplish Other Purposes as Explained in the Text 


and the performance fully justified our faith in the 
front-wheel drive system. 


Among the other interesting and important features 
of the Healey-Aeromarine front-drive design are the 
universal-joints used inside the front wheels, Fig. 22, 
and the layout of the steering-system, Fig. 23. Concern- 
ing the drive, Mr. Douglas furnishes the following par- 
ticulars: 


The axis of rotation of this member—the ring mem- 
ber which is the equivalent of an intermediate shaft 
between two universal-joints— with respect to the 
driving and the driven members must lie in the plane 
of the paper for the position shown in Fig. 22. The 
axis between the ring and the driven member is shown 
on the drawing. The co-plane axis between the inter- 
mediate member and the driving member is obtained 
by a block and trunnion or De Dion type of joint 
which is hidden by the ring in the drawing. This 
combination has many advantages over the double 
construction which has been suggested in that it pro- 
vides maximum spread for the joint bearings of both 
driving and driven elements, giving minimum bearing 
loads for a given size of joint. With any double type 
of joint, controlling means must be provided to assure 
that the intermediate members will make equal angles 
with the driving and driven members at all joint- 
angles. As this controller is subject to torque nearly 
equal to the maximum wheel-torque under certain con- 
ditions and must go inside of the joint with a bearing 
in the ring and in each of the other elements, its 
design presents a difficult problem. 

We have developed four different types of control- 
ler. The original types were composed of three or 
more pieces and it was found practically impossible 
within the available space to make them strong 
enough to stand up under extreme conditions. The 
two-piece controller shown in Fig. 22 was then devel- 
oped and proved entirely satisfactory. The latest type 
is a single piece, which is cheaper. 

To test these controllers for motorcoach service the 
vehicle was placed on a dry concrete floor with the 
rear wheels locked and loaded with 13,000 lb. of steel. 
The front wheels were turned to the maximum angle 
of 53 deg., low gear was engaged and full power ap- 
plied for several minutes. The results were that the 
entire vehicle would describe an arc about some cen- 
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Fic. 26—ITALA RACING-CAR DESIGN 


This Is Another Example of the Type of Designs Grouped in 





Class 3. In This Case the Transverse Quarter-Elliptic Springs 
9 r 
Fic. 24—Tue ALvis, A BRITISH DESIGN above the Live Axle Are Fairly Wide at Their Inner Ends and 
The Two Drag-Links of the Steering-System Indicate Some Form Are Mounted between Rubber Blocks. Links Are Used Below the 


of Dual Steering-Control Such As Is Considered Desirable with Axle. 


The Sheet-Metal Coverings Are Designed To Reduce Wind 
Independently Sprung Front Wheels 


Resistance 





Fic. 25—PARTS OF THE ALVIS DESIGN 


This Is a Typical Example of Class-3 Construction in Which the Dead Axle Is Replaced by Springs That Position the Knuckles — 

3 os Se ars 7 > 27aqar Axiée 

Also Support the Front End of the Chassis. Brake-Drums Are Located at Each Side of the Differential. In Place of the Rear Axle 
Are Radius-Members upon Which the Wheel Spindles Are Supported 
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ter located within the rear-wheel tread and wear off 
about % in. of the front tires. We made this test 
several times with an old set of front tires before 
putting the vehicle through 20,000 miles of road test- 


ing. 


To prevent undue reactions on the steering-mech- 
anism, the point of intersection of the steering-knuckle 
axis with the road must not be more than % to % in. 
from the center line of the tire. With a wheel camber 
of 3% deg., a steering-knuckle-pivot side-rake of 3% 
deg. gave very satisfactory results and permitted an 
offset of the steering-knuckle axis of not more than 


% in. 


- 


The provisions for a grease-and-dust-tight construc- 
tion are shown also in Fig. 22. Leather boots were 
found to have short life. 

Steering the front-wheel drive presents two prob- 


lems which are very 
satisfactorily met in 
our construction. To 
obtain large angles 
of steering, it is im- 
practical to use a 
straight tie-rod be- 
tween the wheels. 
If placed behind the 
axle, a tie-rod would 
interfere with the 
tire rims and, if 
placed in front, the 
arm at the wheel 
would have to pro- 
ject through the 
wheel to give the 
proper relative an- 
gles of the two 
wheels. We use two 
short cross-links, 
one to each wheel, 
which are connected 
to a horizontal bell- 
crank at the middle 
of the vehicle which 
is in turn linked to 
the steering-gear. 
With correct pivot- 
points at the wheels 
and bell crank, the 
proper wheel angles 





Fig. 27—THE Eb. PARVILLE DE- 
SIGN, A FRENCH ELECTRIC FRONT- 
DRIVE 
The Two Quarter-Elliptic Springs Are 
Not in the Same Vertical Plane; the 
Inner Ends Are Separated As Seen in 
Plan View and the Outer Ends Come 
Together at the Steering-Knuckle. At 


the Top the Knuckle Is Pivoted to the 


Outer End of a Triangular Link Which 
Is Hinged to the Frame 



































Fig. 28—THE VORAN, A GERMAN LIGHT CAR 


The Detachable Front-Drive Unit Is Shown. Each of the Knuckles 

Is Supported by Two Quarter-Elliptic Springs and by a Radius- 

Member Pivoted to a Point on the Powerplant Near the Flywheel 
Housing 


are obtained without interference. The second problem 
is to compensate for the in-and-out movement of the 
wheel hubs at bumps and rebounds caused by the 
radius-arm type of suspension. This is also solved by 
the double cross-links having properly located centers. 


The only British front-wheel-drive passenger-car 
about which particulars are available is the Alvis, a 
development of the Alvis racing car. (See Figs. 24 
and 25.) In general this design is similar to the 
Miller and the Marmon designs in America, except 
that, instead of using a dead axle to connect steering- 
knuckles, these are supported on four short trans- 
verse quarter-elliptic springs on each side of the 
frame, the two in each pair being placed far enough 
apart in plan view to provide the requisite stiffness 
against fore-and-aft shocks when the front wheels 
strike obstacles. Full details concerning this de- 
sign are not at hand, but the published sketches 
show what seem to be two independent drag-links, 
indicating that a dual steering-system is employed. 
This is in line with experience cited by M. de Lavaud in 
other designs having independently sprung front 
wheels. There is no rear axle in the ordinary sense, 








Fig. 29—DIAGRAMMATIC ARRANGEMENT OF THE VORAN DESIGN 
The Front Drive Has Two Universal-Joints at Each Wheel. These Are Placed Equidistant from the Steering-Knuckle Pivot and, 


Since Each Drives Through the Same Angle, the Angular Velocity Is Said To Be Uniform 
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the wheels being mounted at the ends of radius-arms 
pivoted to the frame and reacting against short quarter. 
elliptic springs. This unusual springing at the front 
and the rear is said to provide unusually easy riding- 
quality and to enable the car to negotiate turns at a 
much higher speed than is safe with an ordinary rear- 
drive car. 


ITALA RACING-CAR DESIGN 


Published descriptions of this and of several of the 
other designs referred to subsequently are rather 
meager in detail. In the Itala design shown in Fig. 26 





Fic. 30—Ture RUMPLER COMBINED POWERPLANT AND FRONT 
DRIVE 
The Tubular Axle-Ends to Which Knuckles Are Pivoted Swivel 
Independently Around the Axis of the Propeller-Shaft When the 
Wheels Are Displaced 





Fig. 32—REAR SUSPENSION ON THE RUMPLER CHASSIS 


Each Wheel Is Mounted at the End of a Radius-Member and Is 
Supported by Two Quarter-Elliptic Springs 


the casing of the clutch, transmission and differential 
is bolted to the front end of the engine. The two trans- 
verse driveshafts from the differential have universal- 
joints at each end, that at the inner end providing for 
necessary end-motion. Above the driveshaft at each 
side is a very broad quarter-elliptic cantilever spring, 
Fic. 81—Tue Rumrize DIrrerenTiaL Hovsine the ends of which are said to be mounted between rub- 
: eve ber blocks. As will be seen from Fig. 26, this spring is 
Note the Two Sizes of Bevel Gearing and the Cylindrical Seg- " F lh P desi 1 . 
ments Which Swivel, Under Spring Action, Together with the enclosed in a metal ousing esignec to protect it and 
Tubes Through Which the Live Axles Pass to reduce wind resistance without interfering with its 
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Fic. 383—RUMPLER CLUTCH, GEARSET, FINAL DRIVE AND BRAKE-DRUM 
The View Is a Vertical Section. The Two Sizes of Bevel Gear, the Oscillating Cylindrical Segments, and the Front Mounting of 
the Brake-Drum Are Shown 
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free motion. Connection between this casing and differ- 
ential housing is made by a broad rubber-band. A 
similar construction is used below the driveshaft, except 
that in place of the cantilever spring there is a rigid 
beam with a spring mounting at each end. An ap- 
parently similar structure is used in place of a conven- 
tional rear axle. 


Two FRENCH FRONT-WHEEL DRIVES 


According to the best information available, there 
are only four makes of French front-wheel-drive ve- 
hicle in the market. One of these is the Latil truck, 
which has been in the market for some 20 years. Others 
are the Tracta and the Bucciali, already described. The 
remaining one is an electric vehicle known as the Ed. 
Parville. 

In the Ed. Parville electric vehicle the steering- 
knuckle at each side is supported by two quarter-elliptic 
springs, the inner ends of which are fastened to the 
driving-gear housing. Although Fig. 27 does not ap- 
pear to show it, these two springs are said to be approxi- 
mately in the same plane but not parallel to each other. 
In other words, the two inner ends are separated and 
the outer ends come together at the point at which they 
are attached pivotally to the steering-knuckle. The 
upper end of the steering-knuckle is connected to the 
driving gear by a triangular link somewhat shorter than 
the springs. Springs and links together hold the steer- 
ing-knuckle in a vertical position, while the triangular 
link and converging springs give the necessary stiffness 
in a horizontal direction. 


THREE GERMAN FRONT-WHEEL DRIVES 


The Voran is a light car having a 25-hp. engine and 
a chassis of 106-in. wheelbase. (See Figs. 28 and 29.) 
The entire powerplant, including engine, gearset, and 
clutch—as well as the differential, driveshafts, springs 
and wheels—are combined into a unit which can be 
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FRONT-WHEEL-DRIVE DESIGN OF C. R. ROCHE 


The Universal-Joints Are Arranged Equidistant from the Knuckle- 

Pivot, the Design Being Similar in This Respect to the Voran, So 

As To Avoid Fluctuations in Angular Velocity and To Limit the 

Angle to One-Half That Which Occurs with a Single Joint. A 

3100-Lb. Test-Car Using 5-In. Spicer Joints Is Reported To Have 

Run 130,000 Miles Without Requiring Any Repair or Adjustment 
to the Front-Drive Mechanism 


quickly rolled out from under the car and replaced by 
another similar unit if desired. At each side of the 
differential are two quarter-elliptic springs, one above 
and one below the driveshaft, the outer ends of which 
are attached to the steering-knuckle, which is braced 
against fore-and-aft stresses by radius-rods extending 
backward to points on the powerplant approximately 
opposite the flywheel housing. A particularly interest- 
ing feature of this unit is shown in Fig. 29. Two uni- 
versal-joints are used at the wheels, these being con- 
nected by a short shaft. The universals are spaced 
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Fig. 34—LA VIOLETTE, AN EXAMPLE OF CLASS-2 DESIGN 


The Location of the Universal-Joint and the Steering-Knuckle Pivot Inside the Front Wheel Should Be Noted, and Also the Arrange- 
ment of the Gearset, the Worm Drive and the Propeller-Shaft Brake 
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Fic. 36—HAMLIN FRONT-DRIVE RACING-CAR 


This Car Was Seen at the Indianapolis Speedway in 1926 


equidistant from the steering-knuckle pivot, an arrange- 
ment said to transmit uniform angular motion to the 
wheel. The outer end of the axle shaft is supported 
in a spherical housing or bearing. The short shaft that 
connects the two universal-joints floats. 

An unusual, and what seems to me to be an unneces- 
sarily complicated, construction is that employed by Dr. 
Edwin Rumpler in a 50-hp. front-wheel-drive car. This 
drive, which is pictured in Figs. 30 to 33, is described 
by P. M. Heldt’, as follows: 


The Rumpler axle construction is unusual in that 
the axle ends to which the knuckles are pivoted are 
earried by tubular members surrounding the drive 
shafts. These tubular members are not fastened rig- 
idly into the central housing but have independent 
pivotal motion around the fore-and-aft longitudinal 
axis, or the axis of the propeller-shaft. This is made 
possible by mounting the differential gear on the pro- 
peller-shaft instead of on the driven shafts, and it is 
really around the axis of the differential gear that 
the two axle-halves swivel. Each axle shaft has its 
own bevel drive-gear, which is driven by a separate 


'See Automotive Industries, June 4, 1927, p. $31 
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bevel pinion on one of the differential side-gears. To 
prevent interference between the two sets of bevel 
drive-gears, they are made different in size. The two 
axle-tubes are fitted into sectors located on the inside 
of the cylindrical housing over the differential. These 
sectors are comparatively wide and, in addition to the 
axle-tubes, two brace-rods are anchored in each to 
give the axle the necessary horizontal stiffness. 

The axle tube ends in a spherical housing which 
encloses a universal-joint connecting to the knuckle- 
shaft, and the joint evidently is working only when, 
in steering, the wheels are deflected from the straight- 
ahead position. 

At the front, the frame is supported on the axle 
ends by two pairs of transverse semi-elliptic springs. 
The propeller-shaft extends entirely through the 
drive-gear housing and carries at its forward end a 
large brake-drum to which a pair of contracting brake- 
shoes can be applied. The powerplant and front axle 
form a unit that can be readily replaced by another 
unit. 


The longitudinal section view of the Rumpler clutch, 
gearset and differential in Fig. 33 shows also an ar- 
rangement of brake in front of the gearset which is one 
of the optional positions in which such a brake can be 
placed. It provides braking on the front wheels with- 
out locating the brake-drums on the wheels themselves 
and also equalizes the braking action. This is an inter- 
esting contrast to the Miller and the Marmon designs 
in which the brake-drums are placed on the driveshafts 
at each side of the differential housing. 

Other examples of front-drive designs are shown and 
described in Figs. 34 to 38, being of the La Violette, 
the C. R. Roche and the Hamlin types. 


UNIVERSAL-JOINT DESIGN 
One of the important considerations in designing a 
front-wheel drive is to provide universal-joints that 
will give the desired uniform angular velocity. In 
this connection, I quote again from Mr. Heldt’s paper’, 
as follows: 

Of the two universals in each driveshaft, the one 
near the central housing has to take care only of the 
angularity due to spring play. Fortunately, the ver- 
tical play of the front spring is not very great, being 
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837—PARTS USED IN THE HAMLIN FRONT-WHEEL-DRIVE PASSENGER-CAR 
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Fic. 38—THE 1928-MopEL HAMLIN FRONT-WHEEL-DRIVE TEST-CHAssIs 


limited to about 2 in. on each side of the normal posi- 
tion. Moreover, spring play does not affect the paral- 
lelism between the differential shafts and the knuckle- 
shafts, and the angle between the differential-shaft 
and the axle-shaft is always the same as the angle 
between the axle-shaft and the knuckle-shaft; hence, 
the speed fluctuations created by one joint will be neu- 
tralized by the other. 

It is different, however, with respect to the angu- 
larity between shafts due to steering motion. The 
angle of the steering-spindle with the axle may exceed 
30 deg.; in fact, it may reach 40 deg. and, for such 
angles, there would be extreme fluctuations in the 
speed of the driven member if the speed of the driving 
member were constant. For an angle of 30 deg., for 
instance, the speed of the driven shaft would fluctu- 
ate through a range equal to 29 per cent of its mean 
speed. 

Actually, of course, neither the driving nor the 
driven shaft would run at constant speed; but one 
would accelerate and the other would at the same time 
decelerate, and both would be subjected to very great 
stresses as a result of these accelerations and deceler- 
ations because of the heavy masses connected with 
them. It would therefore be desirable to use at the 
knuckle end of the axle-shaft either a type of univer- 
sal-joint that is free from these periodic fluctuations, 
or else two joints located close together and symmet- 
rically on opposite sides of the knuckle-pin axis when 
the wheel is in the straight-ahead position. Then, if 
the wheel is swung around for steering, each of the 
two adjacent universals will assume the same angu- 
larity, and the fluctuations in the transmission ratio 
due to the two joints will cancel out. 


With Mr. Heldt’s foregoing remarks in mind, it is 
interesting to note what steps have been taken in vari- 
ous designs to meet the conditions here outlined. One is 
to employ a type of universal-joint such as the Weiss, 
which provides a uniform angular velocity regardless 
of the layout employed. Much the same result is at- 
tained by the construction employed in the Healey- 
Aeromarine design, and it is claimed in the Tracta 
design which is, in effect, a double universal-joint. In 
the Voran design two joints are employed and they are 
placed equidistant from the steering-knuckle axis so 
that, it is contended, fluctuations of the angular veloci- 
ty are cancelled out; but this contention seems to re- 
quire qualification if the universals are of the conven- 
tional type with yokes connected to pins at right angles. 
In this case the variations in angular velocity cancel 
out when the two joints make equal angles with the 
Shaft connecting them, as they seem to do in the Voran 


design. Apparently, however, the inner of the two 


joints in the wheel will impose a fluctuating velocity 
upon the shaft connecting it to the differential; but, 
since the angle at this joint is only half that through 
which the wheel is turned, the effect may not be serious. 

Fig. 39 shows front-drive universal-joints of a type 
used in approximately 70 motorcoaches of 51 to 70- 
passenger capacity which have been operated millions 
of miles in Chicago. On the basis of this experience 
G. A. Green, of the General Motors Truck Corporation, 
says: 


No thoroughly satisfactory design has yet been de- 
veloped which provides a driving shaft to each front 
wheel with two universal-joints incorporated. Any 
such arrangement results in undue tire wear, due to 
constant change in the angular velocity of the univer- 
sal-joints. 

SUMMARY 


Concerning the future of front-wheel drives, we have 
seen that they present many advantages and that there 
is good ground for the view that the advantages out- 
weigh the disadvantages; but it does not follow as a 
necessary corollary that front-drive cars will become the 
popular type or even that they will be adopted soon by 
many manufacturers. It is known, however, that at 
least three or four companies, including one or two 
prominent makers, are greatly interested in this type of 
drive and either have experimental cars well advanced 
or are planning to build them. One company is re- 
ported to have acquired the Miller patent-rights on 
front-wheel drives. It would not be surprising to see 
two or more front-drive cars offered at next year’s 
shows if, indeed, some such designs are not marketed 
before that time. 





Fic. 39—TyYPe OF FRONT-DRIVE UNIVERSAL-JOINTS USED IN 
CHICAGO MOTORCOACHES 
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With competition exceedingly keen, every wide-awake 
automobile manufacturer is on the lookout for ways of 
securing even a temporary advantage. Basically, nearly 
all American cars are very much alike in mechanical 
design and have been changed but little since the gen- 
eral introduction of four-wheel brakes. We are about 
due for some radical improvements in mechanical de- 
sign, and it may well be that one of these will be the 
front-wheel drive. The fact that such drives appear to 
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add materially to the safety of driving, especially at 
high speed and under conditions where skidding is like. 
ly to occur with rear-drive cars, is a consideration of 
primary importance. 

In any case it will pay automotive engineers to keep 
a sharp eye on front-wheel drives, and to see that their 
experimental departments make searching investiga- 
tions of all promising developments in this direction 
that indicate distinct advantages. 


THE DISCUSSION 


PRESIDENT W. G. WALL” :—Regarding the future of 
the front-wheel drive, when the automotive industry 
judges a subject worth attention, it generally takes it 
up rather quickly. If it were not for the fact that our 
needs and requirements change so rapidly we might 
say that the rear-wheel drive, like the sliding-gear 
transmission, will be with us always. But our needs 
do change and a present one, without question, is to 
have less unsprung weight on the axles. One of the 
most disagreeable features of riding in cars today is 
the shock caused by running over very small and abrupt 
chuck-holes. 

The front-wheel drive affords one fairly easy means 
of reducing unsprung weight, although many designs 
have not made use of this possibility. I do not mean to 
say that, to a certain extent, we cannot do the same 
thing with rear-wheel drives; but, to make it accepta- 
ble in other ways, the front-wheel drive should and will 
have less unsprung weight. 

One of the first things I did after becoming inter- 
ested in the automotive industry was to make some 
drawings of possible methods of driving through the 
front axle. That was 30 years ago. During the war 
we used many four-wheel-drive trucks and experi- 
mented in disconnecting the rear-wheel drives and 
using the front-wheel drives only. I believe that the 
consensus of opinion was that better results were ob- 
tained with the front-wheel drives than with the two- 
wheel drives at the rear, and that the results were 
almost as good as with the four-wheel drive. 

One of the disadvantages of the front-wheel drive 
has been the seeming necessity for a longer wheelbase. 
Apparently, this disadvantage can be avoided. A long 
wheelbase has an advantage, however, in that the en- 
gine is far enough back of the front axle to allow more 
space between the radiator and the engine for air 
circulation. It is well known that radiators are ex- 
tremely handicapped by having the engines set so close 
that an insufficient amount of air gets through. 
Trouble has also been experienced on account of the 
varying angular velocity of the universal-joints, and 
with the steering-mechanism. 

The difficulties I mention have been overcome in some 
of the late designs of racing cars. During the last 
500-mile race, many persons had the erroneous idea 
that, because the front-wheel-drive cars made such a 
poor showing, the front-wheel-drive axle must be un- 
satisfactory. The truth is that all the trouble on these 
cars was caused by such things as the superchargers 








%” M.S.A.E.—Consulting engineer, Indianapolis. 
“1 M.S.A.E.—President, Anglada Motor Corp., New York City 


2 M.S.A.E.—Designing engineer, Package Car Corp., Chicago, Ill 


and leaky gasoline-tanks. In general, the trouble could 
not be charged to the front-wheel drive. 
PROPULSIVE POWER REQUIRED 

JOSEPH A. ANGLADA” :—Exponents of the front-wheel 
drive have asserted that less power is required to pro- 
pel a car by the front wheels than by the rear wheels, 
but tests with an electric vehicle have disproved this. 
From 1905 to about 1912, Walter Christie built front- 
wheel-drive cars of the Class-3 type and they made 
fairly good records on the track. In 1910, when he 


built a front-wheel-drive taxicab and a front-wheel- 
drive touring-car of the Class-3 type, with a four- 


cylinder engine placed transversely on the front cross- 
member, these cars actually weighed from 10 to 15 per 
cent less than comparable conventional types of car. 
The increased wheelbase apparently with 
front-wheel-drive cars can be avoided. 
Front-wheel-drive cars will, I believe, enable us to 
use better spring-suspensions, because, with a radical 
change of drive, we shall have the temerity to get away 


necessary 


from the conventional type of leaf-spring, with its 
limitations. My experience with various types of 
American and foreign front-wheel-drive cars shows 


that the troubles have not been with the front-wheel 
drive but with other parts of the car, due vrobably to 
the fact that the designers concentrated their efforts 
almost entirely on the front-wheel drive and neglected 
the conventional construction that they used for the 
other parts. 

LEE W. OLDFIELD”’:—After having had considerable 
opportunity to observe the development of front-wheel- 
drive racing-cars and being for some time extremely 
interested in the front-drive design, I am not certain 
that I am as interested at present as I formerly was. 
It is true that in the last 500-mile race there were no 
failures in the strictly front-drive mechanisms, but the 
failures of the supercharger drive-gears which pre 
dominated were mostly on cars having front-wheel 
drives. It is observable on the speedway that the front- 
wheel-drive cars spin their wheels very much more 
than do the rear-wheel-drive cars at the same speed. 
If an observer on the back-stretch of the track or on 
the home-stretch listens as the cars come past, he can 
hear definitely that the front-wheel-drive cars are not 
getting tractive effort because they are whining at 
different speeds. 

The supercharger drive-gear failures are all on the 
deceleration side. Our company made many sets of 
gears for these cars last year and there were many 
failures. In some cases the gears were made as well 
as anyone knows how to make them, from S.A.E. 2512 
steel, and were examined by competent authorities 
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after the gears failed. All the authorities said that 
the gears were made as well as they could be made, 
and showed no evidence of heat or lack of lubrication; 
put the teeth were folded right over on the deceleration 
side. In my opinion, this is due to the fact that the 
front-wheel-drive cars do not get tractive effort when 
they are trying to accelerate and the wheels spin in- 
termittently. With the supercharger running from 
35,000 to 45,000 r.p.m., a sharp deceleration of the 
mechanism puts terrific loads on the drive-gear train. 
] am, therefore, not convinced that we can get adequate 
tractive effort with the front-wheel drive. 
SKIDDING TENDENCY 

I think there is no disputing Mr. Chase’s statement 
that the cars follow the front wheels and have less 
tendency to skid, if we assume that the driver has the 
courage to keep his foot on the throttle. But I can 
assure you that if the driver takes his foot off the 
throttle he will immediately have something to think 
about. Just prior to the recent 500-mile race, Mr. 
Duray demonstrated that, with the foot on the throttle, 
the car will travel in the direction in which it is pointed. 
Pete DePaolo demonstrated that, with the foot off the 
throttle, the car will not travel in the direction in 
which it is pointed. The same thing was demonstrated 
by Harry Hartz on a board track last fall. Of course, 
such conditions are abnormal and speeds are extremely 
high, but these observations should give us something 
to think about. 

MaJor E. G. E. BEAUMONT’ :—After observation of 
the steps made in the past to produce a front-wheel 
drive, | note particularly some of the French designs; 
the Latil, for example, which I believe has useful ap- 
plication for commercial trucks. But there appears a 
possibility with most of the present designs of unduly 
compressing the space allowed for the transmission 
gear, and that some of the advantage of weight dis- 
tribution and the utility of spacing the units properly 
will thus be lost. It seems to me that some of the ad- 
vantages claimed for front-wheel drive can be applied 
equally to rear-wheel drive; for example, the arrange- 
ments of independent wheel-springing and the reduc- 
tion of unsprung weight. But I agree with the previous 
speakers that the problem is still one that requires in- 
vestigation. It remains a matter for most interesting 
speculation. 

HERBERT CHASE:—We should be constructive about 
this matter of front-wheel drives and not destructive. 
A very bad situation is created if the conclusion is 
reached that a successful thing such as our present-day 
motor-car cannot be improved very much. It is not a 
foregone conclusion that the front-wheel drive will be 
an improvement, but it has possibilities which should 
be looked at from the constructive side. It would be 


“President, Institution of Automobile Engineers; motor super- 
Ltd., London, England. 


intendent, Anglo-American Oil Co., 


very unfortunate to take the position that “front wheel 
drives are too complicated, why bother with them?” 
Many have taken this attitude and I was so inclined 
myself before I started to look into the subject. But 
when I began to analyze the problem, I found that it is 
possible actually to make a simpler construction with 
front-wheel drive than we have today with the rear- 
wheel drive. I have attempted to give the reasons in 
my paper. 

President Wall and Major Beaumont are right in 
saying, as I also said in the paper regarding this ques- 
tion of unsprung weight, that it is possible to get 
many of the advantages cited as being in favor of 
front-wheel drives without actually having the drive 
itself. It is entirely feasible to retain a rear-wheel 
drive and have individual wheel-springing, thereby ob- 
taining such a reduction in unsprung weight as is not 
possible, so far as I can see, by any other method. But 
it is true also that this type of springing lends itself 
especially well to use in front-wheel-drive designs; 
hence it is fair to credit certain types of front-wheel 
drive with the advantages of individual wheel-spring- 
ing, just as it is proper to debit other front-wheel 
drives with increased unsprung weight. 

Regarding Mr. Oldfield’s remarks, if I gave the im- 
pression that front-wheel-drive cars will not skid under 
any conditions this certainly was not my intention, be- 
cause it is very evident that front-wheel-drive cars can 
and do skid under certain conditions. But the concen- 
sus of opinion, so far as I have been able to learn, is 
that a front-wheel drive is less likely to skid than is a 
rear-wheel drive, probably because the driving force is 
in the direction in which the front wheels themselves, 
the driving wheels, are steered. 

As already stated, the questionnaire on which my 
paper is based in part resulted in replies from many 
of the most prominent engineers in the industry. One 
of the questions was, “Do you think the advantages of 
the front-wheel drive outweigh the disadvantages ?’’ 
Four replied “Yes,” without qualification; one gave a 
qualified “Yes’’; nine said, “No,” without qualification; 
three said, “No,” with certain qualifications; and three 
were uncertain or evasive. 

Another question was: “What other major improve- 
ments do you consider more promising than front- 
wheel drives?” The various answers I received are: 
Short engine of high power; individual wheel-spring- 
ing; better-controlled springing; free wheel-springing; 
lighter, faster cars; better riding and handling quali- 
ties; engines of very high speed equipped with cuff 
valves; radical changes in fuel-handling systems to im- 
prove thermal efficiency; two-speed axles or over-speed 
transmissions; worm drive; powerplant located at the 
rear on motorcoaches; six-wheel chassis with drive on 
the four rear wheels; automatic brake-adjustment; and 
developments involving omission of the present trans- 
mission, that is, substitutes for the present gearset. 
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Symposium on Recent Motor-Vehicle- 
Inspection Procedure 





Several phases of detailed inspection of motor-vehicles 
for maintenance and repair were presented at a meeting 
of the Southern California Section, and these were discussed 
following the presentation of the four papers which are 
printed herewith. These several phases are dealt with in 
a paper on the Inspection of Motor-Vehicles, in general, by 
P. H. Ducker; one on Inspection of Motorcoaches, by F. 
C. Patton; one on Inspection for Overhaul and Repairs, 
by James L. Ferguson; and a fourth on Maintaining Motor- 
Truck Axles, by C. H. Jacobson. Each paper is preceded 
by an abstract. 


The discussion, which is general on all the papers, in- 
cludes details relating to the bending of steering-knuckle 
arms, the desirability or otherwise of heating parts before 
straightening them, and statements regarding the averages 
of motorcoach breakdowns from tire failures. Practice 
regarding periodical lubrication for the different classes of 
motor-vehicle are stated briefly, and the special qualifi- 
cations which inspectors and service men should have are 
outlined. General statements are made in conclusion re- 
garding the present status of brake equipment, head-lamps, 
and regulations for motor-vehicles. 





Inspection of Motor- Vehicles 


By P.H 


ie types of organization are specified by the 
author; first, those responsible for the operation 
of a fleet of motor-vehicles in which all the equip- 
ment is housed at one location; and, second, those 
having a number of divisions scattered at various 
locations in the territory served. To care for the 
first group, usually comprising numerous motor- 
vehicles, it is best to employ a first-class inspector 
who is competent to advise mechanics how to elim- 
inate the causes of troubles found. A supplementary 
procedure suggested is that the drivers make written 
reports to the inspector. 

Various test procedures of a practical nature are 
suggested for locating trouble. Periodical inspection 
and the immediate remedying of troubles are recom- 
mended. In the author’s opinion, careful periodical 


MOTOR-VEHICLE is only as good as its per- 
formance proves it to be, reliability and con- 
sistency of service being its most valuable 
recommendations. Motor-vehicles are now being pro- 
duced which embody the combined ideas of the design- 
ing engineer and the man in the field whose responsi- 
bility it is to keep them going. Until recently, the 
average automotive engineer at the factory rather re- 
sented ideas and suggestions from operators, feeling 
that most of the operators were guessing; but this 
situation has changed, and many new developments 
have been suggested to the engineers by field oper- 
ators. There should be at all times close contact be- 
tween the engineers and the operators; in fact, if the 
automobile companies would lay stress upon their en- 
gineers’ contact with users, as they do in the sales 
department, better results would be obtained. 
Why is the operator in a position to offer sugges- 
tions and ideas? Operating costs and lack of continu- 


1 Superintendent of transportation, 
Co., Los Angeles. 


Southern California Edison 


. Ducxer’ 


inspection in conjunction with reports from the driv- 
ers tends not only toward economy in the operation 
of the vehicle but also toward continuity of service. 

Tire cost and compliance with State regulations 
must be considered in connection with tire inspection. 
An operator should avail himself of the experience 
obtained by the manufacturers in their laboratories 
and keep tires inflated to the recommended pressure. 
Solid-rubber tires are mostly affected by the State 
regulations in California. Flat spots are likely to 
develop on heavy-truck tires and these are injurious 
not only to the highways but to the vehicle. 
tion should cover this condition, so that the owner 
will not be required to pay for the consequences, 
either in high cost of operation or in police-court 
fines. 


Inspec- 


ity of service constitute the answer. Either can be 
responsible for the success or failure of the man on the 
job. Proper inspection is one of the most important 
of the operators’ problems, classified as inspection by 
specialists in (a) the service department of any auto- 
mobile-selling organization, (b) at public garages and 
repair shops, and (c) by owners and users of motor- 
vehicles. 
INSPECTION BY FLEET OWNERS 


Organizations responsible for the operation of a fleet 
of motor-vehicles are divided into two groups. The 
first is that in which all the equipment is housed at 
one location. The second is that in which the fleet has 
a number of divisions scattered at various locations 
within the territory served. To care for fleets in the 
first class, usually comprising numerous motor-vehicles, 
it is best to employ a first-class inspector or trouble- 
shooter who has a knowledge of the various symptoms 
of trouble and who is able to eliminate some of these 
minor troubles himself, being also competent to advise 
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mechanics how to eliminate the causes of the troubles 
found. But an inspector or trouble-shooter is handi- 
capped greatly in his work unless he receives from the 
driver of the vehicle a report which describes the 
trouble found, so that he can get the driver’s idea of 
the cause of the trouble. We have found, after years 
of experience, that the most effective way to communi- 
cate this information to the trouble-shooter is to require 
the drivers to make a written report and, if necessary, 
to give the inspector such additional verbal informa- 
tion as may be necessary. 

A driver often has no knowledge of the mechanism of 
his vehicle other than how tc start and stop it and 
direct its course, and when trouble develops he may be 
mistaken as to its cause. Recently, one of our sales- 
men who drives a Ford car brought it to the garage 
and reported that it was knocking very hard. When 
the inspector looked the car over, he asked the driver 
how long one of its tires had been flat. The driver said 
he did not know it was flat. After the tire was changed 
to one properly inflated, the supposed knock in the en- 
gine immediately disappeared. But the salesman’s 
inability to determine the cause of the trouble was an 
additional expense to the company, because a tire had 
been ruined by being run flat. 

Written reports of trouble also serve as a check upon 
actual work done by mechanics who are supposed to be 
working upon vehicles in trouble. In many instances 
drivers intend to report trouble verbally when vehicles 
are returned to garages, but fail to do so. In some 
cases the driver claims to have reported to the in- 
spector, and the inspector claims he did not receive the 
driver’s verbal report. The written trouble-report, 
therefore, is an important document. Our opinion is 
that trouble reports should be made out for each day’s 
operation. If the vehicle is working satisfactorily, the 
fact should be so noted by the driver on the report. 


TEST PROCEDURES 


To test for proper compression the engine should be 
turned over slowly, using the starting-crank. This 
should be done when the engine is hot, immediately 
after stopping it. If the tappets are adjusted too close, 
the expansion of the valve-stem will cause the valve to 
ride and compression will be lost, this in turn resulting 
in valve warpage. It has been found that faulty com- 
pression is the most frequent reason for a cylinder 
failing to fire. 

An inspector should be trained so that a rough test 
will indicate to him the proper tram of the wheels and 
their correct alignment, as well as the condition of the 
front wheels with reference to steering-knuckle-arm ad- 
justment and loose pins. 

Low tire-mileage is one of the largest factors of high 
operating costs. Rear wheels should be checked occa- 
sionally to determine, first, whether the wheels are tight 
on the axle shafts and, second, whether the wheels are 
running in true alignment with the frame. Many thou- 
sands of miles of tire mileage are lost through lack of 
this particular inspection. 

The driveshaft should be turned by hand to determine 
the amount of backlash. 

Adjusting-bolts on the fan should be carefully in- 
spected. Many radiators are ruined through lack of 
this inspection. 

Inspection of water level in the battery is essential. 

One of the greatest aids to motor-vehicle operators is 


the practice of keeping clean, by spraying or other 
means, the engine unit, the transmission, and the front 
and rear axles, so that a rapid inspection is possible and 
so that an opportunity is given to the mechanic to do 
first-class work at any time. Cleanliness also is con- 
ducive to careful handling of equipment. One of the 
first indications that a man is a good mechanic is that 
he makes sure the parts have been properly cleaned 
before he starts to work on a job. 

Many arguments can be advanced both for and 
against a system of periodical inspection, but our ex- 
perience is that this procedure and the immediate rem- 
edying of troubles eliminate expensive overhauling of 
engines which might, without this, be necessary. 

An idea is prevalent among certain operators that 
motor-vehicle efficiency is greater when a piece of 
equipment is torn down and completely rebuilt at 
specific intervals. This may be true when a fleet is 
composed of various makes of vehicle and it is diffi- 
cult to predetermine any period of time or mileage 
after which a vehicle should be overhauled. But our 
opinion is that careful periodical inspection, in con- 
junction with reports from drivers, not only tends 
toward economy in the vehicle’s operation but also 
toward continuity of service and prevention of loss 
through other channels which cannot be determined 
until the loss occurs. Greater effort should be made by 
those responsible for motor-vehicle operation to develop 
men who are capable of making accurate inspections 
and, in addition, are competent to advise the mechanical 
force as to the amount of work necessary to eliminate 
developed trouble. The cost of maintenance can in 
many instances be kept to the minimum if correct diag- 
nosis is made at the time of inspection. An inspector 
also should be trained to determine when it is neces- 
sary to retire a vehicle from service, particularly when 
it affects some expense item other than that of trans- 
portation. Inspection, with adequate adjustment of 
determined trouble, will give to the motor-vehicle owner 
a very desirable low operating-cost. 


INSPECTION OF TIRES 


Tire cost and compliance with State regulations must 
be considered in connection with tire inspection. With 
reference to cost, the manufacturers of motor-vehicle 
tires have arrived at a definite recommended pressure 
for their pneumatic tires. These pressures are deter- 
mined for maximum loads under normal operating con- 
ditions. An operator who avails himself of the expe- 
rience obtained by the manufacturers in their labora- 
tories and who keeps tires inflated to the recommended 
pressure will profit greatly. But it has been our expe- 
rience that many vehicles come from the factories 
equipped with tires too small for the specific work for 
which they are used and, unless rigidly inspected, such 
tires will deteriorate rapidly, particularly if the drivers 
are not called upon to pay for replacements. 

Wheel alignment is more important, however, than 
proper inflation, for the newer types of tire, particu- 
larly for balloon tires. But other conditions have 
arisen, such as shimmying and cupping. Experience 
has taught us that proper inflation overcomes many of 
these troubles, and this can be maintained as a result 
of rigid inspection. 

In California, solid-rubber tires are the ones mostly 
affected by the State regulations. Flat spots are likely 
to develop on heavy-truck tires, and these are injurious 
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not only to the highways but also to the vehicle. If no 
inspection is made and this condition is allowed to con- 
tinue, the owner is sure to pay for the consequences 
either in high cost of operation or in numerous police- 
court fines. 

As to proper loads on certain sizes of solid-rubber 
tire, the manufacturers of tires are continually being 
asked by owners for replacements due to breakdowns 
of solid tires which, in practically all instances, are 
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directly traceable to overloading. Suitable inspection 
to prevent overloading is the remedy. 

No doubt exists in the minds of those who are re. 
sponsible for the operation of fleets of motor-vehicles 
that inspection by trained men at designated times js 
one great factor in the satisfactory and economical] 
operation of the fleets. Inspection gives to the owners 
an insurance policy for the lowest costs with the maxi- 
mum amount of work accomplished. 


Inspection of Motorcoaches 


By F. C. Parron* 


HE system used by the company represented by 

the author in maintaining a fleet of 40 double-deck 
and 46 single-deck motorcoaches is described. In- 
spection is divided into daily inspection and adjust- 
ment, oil and grease inspection each 750 miles, and 
general inspection each 2250 miles. Details of these 
inspections are given. 

The separate inspection-sheets front 


cover axle, 


AREFUL inspection of motorcoaches is impera- 

tive if interruptions to service resulting from 

road failures are to be prevented. Since the 
schedule requires that a given number of motorcoaches 
must operate, the mechanical department must keep that 
number of units in operating condition continuously 
and predetermine, so far as possible, the probable me- 
chanical failure of the various units so that needed 
repairs and replacements can be made before actual 
failure occurs on the road. It is not my intention to 
point out the best method of inspection, but merely to 
describe briefly the system used by our company in 
maintaining a fleet of 40 double-deck and 46 single- 
deck motorcoaches. 

Our system divides inspection into the three major 
groups of (a) daily inspection and adjustment; (bd) 
oil and grease inspection each 750 miles; and (c) gen- 
eral inspection each 2250 miles. The daily inspection 
is based primarily upon information furnished by each 
driver at the end of his run. He is required to note on 
the “defect card,” which is carried in the vehicle at all 
times, any defect that comes to his attention. The card 
is removed at the end of the day and a mechanic is 
assigned to make the repairs. After the motorcoach 
has been serviced and placed in line in the garage, an 
inspection is made for visible defects. In the case of 
air-brake-equipped units, the brake-shoe liners and 
brake-drums are inspected very carefully and the brakes 
are adjusted. Brake-shoe liners that are worn too thin 
are replaced before the vehicle is sent out. 

The night crew makes light repairs only. All heavy 
repairs are made by the day shift, the motorcoach being 
placed over a pit. Large units are not repaired while 
on the coach; the defective part is replaced by a spare 
part and repairs and rebuilding of the defective unit 
are done at the bench. The system of unit repairs 
covers such items as engine, generator, starter, trans- 
mission, and differential. 
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Los Angeles Motor Coach Co., 
Los Angeles. 


springs and steering-gear; carbureter and gasoline 


line; engine and accessories; electrical equipment; 
brakes and rigging; body and parts; and clutch, 


transmission and rear axle. As the various units are 
inspected they are checked off on the inspection sheet. 
On completion, the sheets are turned over to the shop 
foreman. The procedure for making minor repairs is 
outlined. 


THE PERIODIC INSPECTIONS 


Inspection for oil and grease each 750 miles is made 
at night, the coach being placed over the pit for this 
purpose. Accurate records of mileage are kept by the 
mechanical department, and the greaser is furnished 
daily with a list of coaches which are due for inspec- 
tion for oil and grease. Careful inspection for defects 
or failures in the chassis and the under part of the 
body is also made at this time, the idea being to prevent 
trouble. 

The third and most important inspection is made 
after each 2250 miles of operation. It should be noted 
that this occurs at every third oil-and-grease inspection. 
This general inspection is made during the day, while 
the coach is over the pit; and the vehicle is gone over 
carefully from front to rear bumper by the inspection 
crew. These men are instructed to repair or replace 
any unit which, in their estimation, will not run with- 
out failure until the next general inspection. Special 
inspection-forms are provided upon which are listed the 
parts requiring special attention. To simplify the 
work, the coach is divided into seven major sections, 
each section containing units of the same general na- 
ture. As each section is covered by a separate inspec- 
tion-sheet, it is possible to have several inspectors 
working on the same coach without interference with 
one another. 

The inspection-sheets have the following headings: 
(a) front axle, springs and steering-gear; (b) car- 
bureter and gasoline line; (c) engine and accessories; 
(d) electrical equipment; (e) brakes and rigging; (f) 
body and parts; and (g) clutch, transmission and rear 
axle. As the various units are inspected, they are 
checked off on the sheet. When inspection is com- 
pleted, the sheets are turned over to the shop foreman, 
together with a report of the work that the inspectors 
were unable to do. The following instructions are 
printed on the sheets, which are filed for future refer- 
ence: 
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FRONT AXLE, SPRINGS AND STEERING-GEAR 


(1) 


(2) 
(3) 
(4) 


(5) 


(6) 


(13) 


(1) 
(2) 
(3) 
(4) 
(5) 


(6) 


(10) 


(11) 


(12) 
(13) 
(14) 
(15) 
(16) 
(17) 


Inspect the wheel bearings, spindles and rods. 
If necessary, jack up the front wheels 

Check the front wheels for alignment 

Tighten the front-wheel nuts 

Inspect the front springs and tighten the clip 
nuts 

Inspect and adjust the steering-gear. See that 
all joints are free and that grease is reaching 
all bearings 

Inspect the spark and gas-control gears and 
rods. Make sure that they are all properly 
connected. Replace all worn ball-joints 

Inspect the rear springs and tighten the spring- 
clip nuts 

Inspect the radius-rods and brackets 

Examine all universal-joints. See that they hold 
grease 

Inspect the propeller support-bearing. 
it is properly lubricated 


See if 


Examine the exhaust pipe and the muffler. 
Tightey the body bolts 

Make a rigid examination of the frame for 
cracks and loose rivets 

See that the speedometer is in working condi- 


tion 
CARBURETER AND GASOLINE LINE 


Clean the carbureter 

Examine all gasoline and vacuum lines for leaks 

Keep all lines from rubbing other parts 

Clean out all lines 

Remove the top from the vacuum tank and clean 
the bottom of the tank. Examine valve and 
float levers and springs. Assemble, using 
new gaskets, and test with a vacuum gage; it 
should read near 16 lb. and hold it. Rigid 
inspection is necessary to prevent road failure 

Examine the gasoline tank for leaks and see 
that the vent is open. Start the engine; let 
it heat to about 160 deg. fahr. and then check 
the carbureter 

Be positive there are no gasoline leaks 


ENGINE AND ACCESSORIES 


Check the engine for timings 

Check the compression in all cylinders. 
compression gage if necessary 

Clean the spark-plugs and set the spark-gaps 

Tighten the cylinder-head nuts 

Adjust the valve tappets. Set them while the 
engine is hot 


Make an examination for broken valve-springs 
or cups 


Use a 


7) Adjust the oil pressure 


Tighten or repack the water-pump. Check the 
water circulation through the radiator 

Adjust the fan belt and grease the fan. Also 
try the fan for end-play to see if the thrust 
washer is worn 

Inspect the radiator and hose for leaks. Renew 
if the hose will not last until the next inspec- 
tion 

Tighten the cylinder-base nuts and the oil-pan 
nuts 

Tighten the exhaust-manifold nuts 

Clean and adjust the oil-filter 

Examine the magneto ground-wires 

See that all parts of the engine are clean 

Inspect and tighten the timing chain 

See that the magneto and the generator shafts 
line up properly 
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MOTOR-VEHICLE INSPECTION PROCEDURE 


(18) 


(19) 
(20) 


(1) 
(2) 


(3) 


(16) 
(17) 


(1) 
(2) 
(3) 
(4) 


(6) 
(7) 
(8) 


(9) 


(10) 
(11) 


(12) 


(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
(9) 
(10) 
(11) 
(12) 
(13) 
(14) 
(15) 
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Inspect the compressor, the belt or chain, and 
both pulleys or sprockets 

Inspect the oil level and clean the glass 

See that the pop-valve operates at the proper 
pressure 


ELECTRICAL EQUIPMENT 


Fill the battery with water. Do not over-fill 

Clean and scrape the battery posts and ter- 
minals 

Check the battery with a battery-cell tester. 
The reading should be not less than 1% volts 
for each cell. Also check the specific gravity 
of the electrolyte with an hydrometer. The 
reading should be not less than 1.225. 

Examine the cable grounds for looseness 

Examine all terminals for corrosion 

Oil the generator bearings 

Clean the commutator brushes. Make sure that 
all slide freely in the holder and are not too 
short 

Check the generator output with a voltmeter 

Check the starter for grounds, using an electric 
light for testing 

Check the starter load with an ammeter 

See that all lamps burn properly 

See that all lamps, lenses, brackets and shades 
are clean, tight, and in good condition 

Examine and test the horn 

Test all buzzer and bell buttons 

Check the light-load at the battery with an 
ammeter. The load should not be greater 
than the rated consumption in the circuit 

Check the voltage at the lamp sockets. A loss 
of 1 volt there shows a loose or a poor con- 
nection or corrsion 

Clean the distributor thoroughly 


BRAKES AND BRAKE-RIGGING 


Adjust or re-line the brakes 

Inspect the brake-drums 

See that all joints are free and not frozen 

Remove the rear wheels, replace the brake-drum 
if badly worn 

Replace all cotter-pins that are rusty or loose in 
the hole 

Oil all connections, pins and clevises 

Inspect the hand-brake ratchet 

Replace the rear wheels. Note that Timken 
axle bearings should never be pulled tight 

Inspect the gages and the air line on units hav- 
ing air-brake equipment 

Every movable part must be thoroughly greased 

All wheel bearings must be repacked with 
grease before assembling 


Clean out and test all air lines and brake cham- 
bers 


BoDY AND PARTS 


Examine and oil all doors 

Examine seat brackets and cushions 
Replace broken and cracked glass 

Test and fill fire extinguishers 
Examine deck boards on the upper deck 
Examine windshield, hinges and rubber 
Examine front and rear bumpers 
Examine all fenders 

Examine skirts 

Examine hood sills and fasteners 
Tighten license-plates 

Examine roof for leaks 

Examine ventilators 

Examine upper-deck seats 

Examine upper-deck windshield 
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(16) At each second inspection paint the radiator, 
shell, hood and front axle 

(17) At each fourth inspection paint the fenders 

(18) Tighten all upper-deck-railing bolts 


CLUTCH, TRANSMISSION AND REAR AXLE 


(1) Remove floor-boards and clutch inspection-plate 

(2) Examine and adjust the clutch 

(3) Oil the pedals 

(4) Remove the transmission-case cover 

(5) Examine the gears 

(6) Try the shaft for loose bearings 

(7) If oil is thin, or heavy enough to channel, wash 
and refill 

(8) Inspect the rear axle, the gears and the bear- 
ings. If oil is thin, or heavy enough to chan- 
nel, wash and refill 

(9) Tighten the rear-axle-housing bolts. Examine 
for oil leaks. Replace the gasket if necessary 


PROCEDURE FOR MINOR REPAIRS 


In addition to the regular inspection already out- 
lined, a carpenter and a painter are kept busy making 
minor repairs to the bodies, so that the equipment shall 
be kept in the best possible condition. We also keep 
a mechanic at the terminus of the double-deck-motor- 
coach line during the day to make minor adjustments. 
This practice is to prevent road calls that would re- 
quire the use of a service car. 

The interior of the coaches is dusted and the win- 


dows are cleaned daily, and this is supplemented by 
frequent washing. A high-pressure water system is 
used for the chassis and the engine. For the outside of 
the body, a system of pipes is arranged so that water 
can be played on both sides of the coach at the same 
time, mud and grease being removed with a long-han- 
dled brush. The inside of the coach is washed with a 
hose, and the windows are cleaned with a special win- 
dow-polish. 

Tire inspection is kept entirely separate from the 
inspection of other units. The 36 x 6-in. tires are 
checked for inflation pressure every 48 hr., and the 
36 x 8-in. tires are checked every 24 hr. At the time 
the air pressure is checked, the tire is also inspected 
for excessive wear. Wheel alignment is tested once 
each week with a wheel-alignment device. Records of 
tire mileage are kept in such a way that the number 
of miles a tire runs on each wheel can be determined 
easily and its performance analyzed. 

The mechanical department furnishes the operating 
department with a daily list of coaches available for 
runs as well as those held for inspection. As the 
primary reason for inspection is to prevent road fail- 
ure and delay, the dispatcher is required to keep a 
record of all trouble calls, together with the reason for 
the call and the number of minutes of each delay. This 
information is summarized daily on a special report, to 
which is added the date of the last 2250-mile inspection. 


Maintaining Motor-Truck Axles 


By C. H. Jacosson” 


RONT and rear axles of any motor-vehicle should 

receive careful inspection and maintenance be- 
cause they receive the driving strains and road 
shocks, and this inspection should be made by a 
thoroughly competent mechanic who knows where to 
look and what to look for when making an inspec- 
tion. He should be supplied, according to the author, 
with guide charts and report forms to assist him in 
his inspection and for use in making his reports 
accurate and comprehensive. 

Details of front-axle inspection are discussed and 
the recommendation is made that such inspection 
should occur at the end of every 5000 miles of opera- 


NSPECTION of a motor-vehicle for maintenance 
purposes is made to ascertain whether the various 
units require immediate replacement or repair and 

how long the units will operate before a failure may 
occur. To make the proper examination and analysis 
of the condition of the axles, the inspector should be 
thoroughly familiar with the details of their design. 
The front and rear axles of any motor-vehicle receive 
the driving strains and road shocks; therefore they 
should be given careful inspection and maintenance to 
keep them in first-class condition. 

Inspection should be performed by a thoroughly com- 

petent mechanic who knows where to look and what to 
look for when making an inspection. This will make it 


*M.S.A.E.—Service manager, Moreland Motor Truck Co., Los 
Angeles. 


tion. The inspection includes the steering-system. 
At the end of every 50,000 miles the complete front 
axle should be removed, dismantled and overhauled. 
An analysis is made also of worm-drive rear-axle in- 
spection, which should be made after each 5000 miles. 
In conclusion, the author outlines proper lubrication 
methods and says that it is better to use oil and 
grease in small quantities at frequent intervals than 
in large quantities only occasionally. He states that 
too many operators think they lubricate their equip- 
ment thoroughly, when, in fact, the oil channels are 
so badly choked with dirt and caked grease that the 
lubricant never reaches the wearing surfaces. 


certain that defective parts are taken care of at the 
proper times and will help to maintain efficiency and to 
eliminate the possibility of untimely break-downs. Even 
though the inspector is very competent, it is wise to 
supply him with charts and report forms to guide him 
and on which he can make reports. By referring to 
these inspection charts and reports, the master me- 
chanic or superintendent can decide quickly whether a 
certain service operation has been required too fre- 
quently and can eliminate any excessive expense. 


FRONT-AXLE INSPECTION 


The front axle should be inspected at the end of 
every 5000 miles of operation. First, the inspector 
should look at the inner side of the front wheels, close 
to the hub, to see if there is any sign of grease leakage. 
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Next, the front wheels should be removed and the hubs 
and bearings washed thoroughly with gasoline or kero- 
gene. If an oil leak has been noticed, the oil seals 
should be examined for wear, looseness, or any other 
condition that may have caused the leak. The inspector 
should make certain that the surfaces are smooth and 
are not cutting the oil-seal material. He also should 
inspect the hubs to ascertain that there are no signs 
of failure or cracking, and that the bearing cups are 
properly seated and are not loose in the hubs. He 
should be sure that the bearing cups have not become 
worn or pitted to such an extent that failure may occur 
before the next inspection. 

The steering-knuckle should be thoroughly checked to 
see that the bearing fits properly and that no grooves 
are being cut in it because of improper lubrication or 
any other cause. Grooves or cuts of any kind will 
localize strains and may cause the part to break in 
operation. The steering-knuckle pivots should be 
checked for looseness. The oil-grooves, through which 
the lubricant feeds to the operating surfaces, should be 
inspected to make certain that they are not clogged. 

The steering connections and the steering-knuckle tie- 
rod should be thoroughly checked for looseness, for 
leakage of lubricant, and for facilities for lubrication. 
When inspecting the steering connections, the inspector 
should make certain that all locking devices such as 
cotter-pins are securely in place. He should be certain 
that cotter-pins have been properly spread and that the 
complete cotter-pin has been installed. In many in- 
stances a mechanic will remove such a part in service 
work and, in replacing it, because the cotter-pin holes 
do not line up accurately, the pin is split and only half 
of the pin is assembled in place. This is an extremely 
bad practice and should not be tolerated. 

If the spring clips are not tight they should be tight- 
ened up very thoroughly. The toe-in of the front axle 
should be inspected and adjusted to its proper setting 
as determined by operating conditions; also, the camber 
of the wheels should be checked. After dismantling 
and inspecting the front axle, the parts should be care- 
fully reassembled and properly locked in place by the 
devices provided for this purpose. 

At the end of every 50,000 miles the complete front 
axle should be removed and entirely dismantled, every 
part being removed from the unit and given a thorough 
inspection. When defective or worn parts are replaced 
with new ones and the axle is reassembled and re- 
painted, it is virtually the equal of a new axle. 


WoORM-DRIVE REAR-AXLE INSPECTION 


After each 5000 miles of operation the following in- 
spections should be made. In inspecting a truck rear- 
axle of the full-floating type, the inspection should be 
essentially the same as that described for the front- 
axle hubs; that is, the hubs should be carefully in- 
spected for cup looseness and the like, and the oil-seal 
parts should be checked. In inspecting the semi-float- 
ing or fixed-hub type of rear axle, the keyway of the 
hub which is keyed to the axle-shaft should be checked 
as to its fit. If it is loose on the axle shaft, if the key 
does not fit the axle shaft and hub properly, or if any 
of the parts have become worn to such an extent that 
a new key will not fit the keyway properly, the worn 
parts should be replaced. The keyway can be enlarged 
and a new key assembled to fit the axle shaft and hub, 
but such practice should not be encouraged, as it is 
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better to standardize so that it, will not be necessary to 
carry in stock several sizes of the same part. 

After the wheels have been removed, the brake-drums 
should be inspected for both wear and tightness on the 
wheels. The drum should be checked with an indicator 
to prove its concentricity with the hub. It may be dis- 
covered that the hub bolts holding the drum to the 
wheel have loosened, allowing the drum to shift. This 
should be corrected, in which case it may be necessary 
to replace the drum or to refinish its braking surface. 
This should be done after the drum is mounted on the 
wheel. The surface of the inside or brake diameter 
should be turned true with the hub bearing so that the 
drum runs true within 0.001 in. 

The brake-shoes should be inspected for proper brake- 
lining condition, the inspector making sure that the 
lining has not worn down below the rivets; otherwise, 
the rivets will cut the drum. He also should make sure 
that the lining is not soaked with oil and that it has 
not become glazed. The face of the cams which operate 
the brake-shoes should be inspected for wear caused by 
the operating cams. If wear has occurred to such an 
extent that it affects the operation of the brakes, the 
face of the shoe against which the cam operates should 
be machined. A steel plate should be placed on the 
brake-shoe face or the shoe replaced with a new one. 
The bushings holding the camshaft in place should be 
checked for proper lubrication and for wear, the in- 
spector making certain that the lubricant can reach the 
operating surface. The brake-shoe pins or other anchor 
points also should be inspected for wear and lubrication 
possibilities. In some cases the movement of these pins 
is so slight that lubrication is unnecessary. 

Inspect the worm-shaft bearings for end-play, and if 
more than the needed amount exists remove the bear- 
ings from the carrier to determine just what has caused 
this condition. If the excessive end-play is not cor- 
rected, the pounding of the bearings back and forth 
may result in their destruction, which might necessi- 
tate a very expensive repair job. Inspect all the oil- 
seal parts in the carrier assembly. If any oil is leak- 
ing, the stuffing box should be tightened or repacked 
with new packing. 

The axle housing should be examined carefully. The 
inspector should see that the bolts which hold the dif- 
ferential-carrier assembly in the axle housing are tight 
and make certain that the spring clips are tight. He 
should check all other bolted parts to assure himself 
that they fit and are tight enough to withstand the 
severe strains usually imposed on a truck rear-axle. 

The operations described are more or less routine 
and are intended to determine whether any repair work 
is necessary on the external parts of the rear axle. 


REAR-AXLE WoRK AFTER 50,000 MILES 


After each 50,000 miles of operation the entire rear 
axle should be removed from the truck and the differen- 
tial-carrier assembly removed from the housing and 
checked thoroughly. To do this, it is necessary to take 
out the axle shafts, which should be inspected thorough- 
ly at this time. The carrier assembly or driving unit 
should then be thoroughly washed with gasoline or kero- 
sene so that wear that has taken place can be seen. 
The worm should be carefully inspected for wear. The 
proper bearing or contact between the worm and the 
worm-wheel should be checked. This contact should not 
shift from its factory setting unless unusual wear has 
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occurred at the differential bearing. If the worm-wheel 
shows excessive wear on the driving side and not on the 
coasting side, on some axles it can be reversed so that 
the coasting side will become the driving side. 

If it is decided not to reverse the worm-wheel, an 
inspection should be made of the differential bearing. 
This is done by removing the differential side-bearing 
cups and examining them for wear and other conditions 
which will interfere with their operation. Also see that 
the differential gears are not chipped or broken, and 
that too much side-play does not exist between the side 
gears and the differential case. Too much play or wear 
at this point may allow the differential side-gears to 
come out of mesh with the differential pinions to such 
an extent that the teeth will be bearing only on their 
points, and failure or chipping will result. Such a 
failure may destroy the differential, and the broken 
parts may reach the other working parts of the axle and 
result in ruining the entire unit. This play can be 
remedied either by replacing the differential case or 
by machining it so that a bronze thrust-washer can be 
assembled between the case and the gear. All cases 
that are machined should be held to definite dimensions, 
so that the same size or thickness of washer can be used 
in all repair jobs of this kind. 

If the worm-wheel shows unusual wear and has de- 
veloped any sharp or rough edges, use an ordinary bear- 
ing scraper to round off or remove these edges. The 
wheel will then be capable of running another 50,000 
miles in service. Likewise, if the worm-shaft is worn 
or shows any rough surfaces, it can be polished so that 
these surfaces are smooth and the operation of the worm 
with the worm-wheel will not cause any cutting. Also 
inspect the keyway of the worm-shaft to make sure that 
it is of proper size and will not cause any trouble from 
looseness. 

The only inspection that need be made on the carrier 
casting itself is to see that the bearing cups fit properly 
in their respective seats and do not turn in their hous- 
ings when assembled. See that the oil-channels and 
oil-holes leading to these bearings are cleaned out thor- 
oughly, so that the oil will flow freely to the bearings. 
All threads, such as in the differential adjusting-nut, 
should be thoroughly cleaned out and inspected to see 
that they are not cross-threaded or burred. The nuts 
should assemble and work easily. 

In reassembling the parts, make sure that the threads 
and their respective parts fit properly; they should not 
be loose enough to allow end-play, and not tight enough 
to make a faulty adjustment possible. <A tight thread 
often deceives a mechanic when he is adjusting a me- 
chanical part. 

See that all locking devices are properly assembled 
‘and thoroughly locked in place. After the assembly is 
complete, check the worm-wheel and all its bearing ad- 
justments with an indicator. Do not guess at an ad- 
justment; be accurate. Check the end-play of the 
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worm-shaft with an indicator, and keep to the pre- 
scribed limits. 

In riveting a worm-wheel to a differential, it is best 
to cold-rivet; but in many cases this cannot be done 
because expensive equipment is required for cold-rivet- 
ing. When hot rivets are used, do not heat them too 
much and be certain to drive them in so that when they 
cool and shrink there will not be enough looseness to 
cause trouble. Carefully reamed holes and carefully 
sized bolts may be used in place of rivets in case of 
replacement. 

Careful practice of the principles laid down herein 
will result in a big reduction in maintenance costs. 


LUBRICATION PRACTICE 


Bear in mind constantly that proper lubrication at 
all friction points is of primary importance, and that 
it is better to use oil and grease in small quantities at 
frequent intervals than in large quantities only occa- 
sionally. If lubrication is neglected the necessity for 
adjustments and replacements will increase in direct 
proportion to the lack of proper lubrication. Even the 
highest-priced lubricant is vastly cheaper than labor 
and parts, and the cost of lubrication represents only a 
very small percentage of the total operating-cost. Only 
lubricants of the highest grade should be purchased, and 
their correct and conscientious application should be 
watched carefully by the head of the mechanical de- 
partment, as this is clearly the most important means 
of keeping maintenance costs low. 

Oil is one of the most difficult things in the business 
to purchase, as there are no definite standards by which 
it can be gaged by the layman. Buying oil on specifica- 
tions does not mean a great deal, as several oils with 
totally different lubricating qualities may show the same 
flash, fire, viscosity and specific-gravity values. There- 
fore it is safest to purchase lubricants from a reliable 
firm of excellent standing in the industry, and to accept 
the recommendations of that firm’s engineers as to the 
grade and type of lubricant best suited for the specific 
needs. 

Competent mechanics realize the importance of proper 
lubrication, but lubricating usually is left to an inex- 
perienced mechanic or oiler. Workers of this class 
may ignorantly neglect this very important phase of 
maintenance. Charts or guides should be devised to 
instruct the oiler to oil or grease certain operating 
points at the end of a specified number of miles. The 
oiler should be trained to see that the grease or oil 
gets to its proper destination; not merely that it is 
started through a lubricating fitting. Often it fails 
to reach its destination because the lubricating trough 
is clogged and the lubricant oozes out between openings. 
Too many operators think they lubricate their equip- 
ment thoroughly, when, in fact, the oil channels are so 
badly choked with dirt and caked grease that the lubri- 
cant never reaches the wearing surfaces. 
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Inspection for Overhaul and Repairs 


By James L. Frercvuson* 


FTER emphasizing the importance of finding out 
directly from a patron the kind of trouble he is 
having and getting the patron’s viewpoint, the author 
outlines the proper subsequent procedure for the 
maintenance and repair of the better grades of pas- 
senger-car. Concerning the actual diagnosis of 
trouble, he says that the best way to determine what 
may be wrong is to drive the car as nearly as possible 
under the same conditions as to speed and road as 
those under which the patron finds the trouble pres- 
ent. If the job is evidently a difficult one, only an 


grades of passenger-car require inspection 

methods for diagnosing complaints and accept- 
ing repair work that are perhaps less methodical than 
might otherwise be demanded, since the procedure must 
often be varied to suit the particular problem as well 
as the customer. The one important thing that must 
be done upon meeting a customer is to find out first 
from him what trouble he thinks he is having and to 
get his viewpoint of the situation. At this time one 
must beware of hasty judgment. Customers do not like 
to be told what work they should have done before they 
have an opportunity to state their case or, as they say, 
“before I get my car stopped on the floor of your ser- 
vice station.” Neither do they place any confidence in 
snap judgment. It is far better, if the cause of trouble 
is not plainly evident, to tell a customer that it will 
be necessary to make an inspection or a road test than 
it is to guess at the trouble. The problem therefore 
includes psychological analysis of the customer, espe- 
cially if he is a new patron whose confidence has not 
yet been secured. 

Some patrons immediately request that a service man 
take a ride with them to determine what is wrong with 
the car. Others will state what is wrong or what should 
be done to the car. Every detail of the customer’s com- 
plaint about the condition of his car should be con- 
sidered courteously and patiently, with the one idea of 
learning in just what respect the vehicle is not oper- 
ating satisfactorily. It is therefore evident that the 
patron’s order must be recorded intelligently, as expe- 
rience shows that most of the come-back complaints are 
due to incomplete orders resulting from paying in- 
sufficient attention to each detail of the patron’s trouble 
as he states it. 

Concerning the actual diagnosis of trouble, the best 
way to determine what may be wrong is to drive the 
car as nearly as possible under the same conditions as 
to speed and road as those under which the patron finds 
the trouble present. Sometimes it is necessary to have 
the customer drive the car, and this may prove that the 
cause of his complaint is his improper operation of the 
car in some small detail. 

If the job is evidently a difficult one, only an expe- 
rienced man should be permitted to diagnose the 
trouble. Even then it sometimes becomes necessary for 
him to consult with others before proceeding to dis- 


WY eae and repairs on the better 
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experienced man should be permitted to diagnose the 
trouble. 

Assuming that a car has a sharp knock or loud 
click whether the engine is running fast or slow, 
and that the noise is present regardless of whether 
the car is in motion or not, the author analyzes the 
problem of locating the trouble quickly without dis- 
mantling the car. In general, the statements apply 
especially to what may be regarded as special or 
unusual maintenance and repair work that requires 
more than ordinary intelligence and ability. 


mantle a car, and occasionally a car comes in that baffles 
every attempt at locating definitely the cause of noise. 


LOCATING THE CAUSE OF A KNOCK 


Let us suppose that a car has a sharp knock or loud 
click whether the engine is running fast or slow, a 
noise that is present all the time regardless of whether 
the car is in motion or not. The problem is to locate 
the trouble quickly and always, if possible, without dis- 
mantling. If the noise is present while the car is 
standing on the floor with the engine running, it must 
be in the engine. Here the principle of the stethoscope 
can be utilized, locating the noise by holding a common 
long screw-driver against various parts and listening 
while the ear is held against its handle until the exact 
location of the noise is determined. The trouble may 
be found to be a valve-lifter noise caused by a slight 
excess of clearance between the lifter and the end of 
the valve-stem, which is readily eliminated by read- 
justing the valve-lifter tappet. Ordinarily, this par- 
ticular noise is readily detected by an experienced ear. 

If the knock is a sharp one, heard only when the car 
is running and the engine pulling hard or picking up 
speed in high gear, the question is whether it is in the 
engine or not. A ride in the car indicates, we will say, 
that it is in front of the driver’s seat; that it comes at 
a speed of about 20 m.p.h. or at a certain engine speed 
that can be ascertained by observing the oil pressure 
or the ammeter reading. An experienced ear may de- 
tect a loose piston, but it is necessary to find in which 
cylinder the noise is. If it cannot be located on the 
road by the stethoscope method, the rear of the car can 
be placed on a stand to get the wheels off the floor, the 
engine started and operated at the same speed in high 
gear with the brakes partly applied. Better yet, if a 
testing machine or dynamometer is available so that 
the engine can be made to pull a load without having 
the brakes applied, each cylinder can be tested by dif- 
ferent methods. The firing of a cylinder can be elim- 
inated by grounding the spark-plug of one cylinder at 
a time, thereby relieving the pressure, or a device can 
be used that injects a quantity of lubricating oil into 
the suspected cylinder while the engine is running, 
which very effectively cushions the piston and usually 
stops the noise. 

Again, the knock may be heard only when the car is 
running in intermediate gear, in which case it can be 
located by letting the car coast slowly in that gear, 
with the engine dead. If the noise is then present, the 
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indication is a damaged gear tooth on one of the trans- 
mission gears, or a sprung transmission-countershaft, 
and its exact cause can then be determined. 

If the knock is at the rear of the car, in either low, 
intermediate or high gear, or when the car is coasting 
with the gearshift lever in neutral position, but an in- 
spection and test shows that it has disappeared when 
the rear of the car is placed on a stand, it then becomes 
necessary to remove the rear cushion and the panel un- 
derneath it and either to place the car on the test stand 
again or run it on the road. Then the stethoscope 
method* must be used to determine whether the noise 
is louder near the bevel-pinion-shaft housing or at one 
of the rear wheels. A broken or defective bearing may 
be found at either place. 


SOURCE OF TROUBLE FOUND BY ELIMINATION 


Often, patrons complain that “something is broken” 
or of “too much backlash in the rear axle”; but, after 
testing, it frequently is found that the engine is mis- 
firing in one cylinder and, when the patron is so in- 
formed, he does not want to believe it. It sometimes 
happens that an owner has just finished cleaning and 
readjusting the spark-plugs and either has left off one 
of the spark-plug wires or has adjusted one of the 
spark-plugs improperly. 
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The process of elimination is used very effectively at 
times while locating trouble. For example, when locat- 
ing a squeal or noise which may be caused by a dry 
bearing in the fan, the generator, the ignition unit, 
the water-pump, or even in the oil-pump, if the sus. 
pected unit is made inoperative or is replaced, the noise 
either disappears or indicates by its persistence what 
the next procedure should be. 

All the foregoing remarks apply especially to what 
may be regarded as special or unusual work. The gen- 
eral work of overhauling is usually much easier to 
handle. As a rule, an owner who takes an interest in 
his car comes to know by watching its operation and 
by consulting from time to time with the service men 
what the cause of trouble is likely to be. When such 
an owner needs work done, he has a very definite idea 
of what is necessary and what the expense will be. 
Under such circumstances the diagnosis of a job is not 
difficult. When this is not true the situation can nearly 
always be handled successfully, after driving the car, 
by an experienced service salesman who has tact and 
good selling ability. The rule to follow is to be sure 
you are right and then go ahead. A proper diagnosis 
is the basis of a satisfactory and profitable transaction, 
but a wrong diagnosis creates dissatisfaction and is an 
expensive mistake. 


THE DISCUSSION 


WILLIAM M. BRITTON’:—The correcting of steering- 
knuckle arms is one feature of front-axle inspection 
which often is neglected and may be the cause of diffi- 
cult steering and excessive tire-wear. The usual remedy 
is to readjust the tie-rod so as to produce proper toe-in, 
if any is used, at least to procure proper alignment; and 
mechanics believe they have finished the job when they 
have obtained proper alignment. These arms are still 
bent, and every time the vehicle turns a corner one tire 
or the other is dragged around the turn. The proper 
position for the steering-knuckle pivot and the tie-rod 
pin is in a direct line to the center of the rear axle, 
for the average passenger-car wheelbase, but many me- 
chanics do not know this and simply adjust the length 
of the tie-rod. 

What is the best routine method of determining the 
exact position of the pivots of the tie-rod to prevent 
the foregoing difficulty? 

PAUL HINKLEY’ :—We determine the proper setting of 
the steering-knuckle arm by measuring from the center 
of the tie-rod pin to the center of a spoke in the front 
wheel, since we know what this distance is when the 
vehicle leaves the factory and take it for granted that it 
has been properly engineered as to design. In adjust- 
ing for toe-in, if an arm is bent enough to require more 
than the equivalent of one turn or one thread on the 
tie-rod to correct the trouble, the arm is renewed. It is 
common practice with some concerns to attempt to bend 
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® M.S.A.E.—Engineer, Hughes Tool Co., Los Angeles. 
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the arm back to its original position; but, to do this, it 
usually is necessary to heat it, which is bad practice. 
In most instances it is cheaper to renew the part than 
to try to recover the old part. We recommend renewal. 

ETHELBERT FAVARY':—That is an important point. 
So often, with a bent part, we think if we heat and 
straighten it we have remedied it. But all those parts 
are heat-treated and, when such a part is heated, that 
portion of the assembly is weakened about 50 per cent. 
Therefore, when a part is bent to such an extent that it 
cannot be straightened cold, it is much better and 
cheaper to replace it with a new one. That applies also 
to a number of the stamped brackets made of cold-rolled 
steel, which has a tensile-strength of about 65,000 Ib. 
per sq. in. When it is heated it becomes annealed and 
the strength is reduced to about 30,000 lb. per sq. in. 
Hence, the argument applies to both heat-treated and 
cold-rolled steel parts. 

W. B. CANNON’ :—In connection with the geometry of 
the steering-gear, should the prolongation of the center 
line between the steering-knuckle pivot and the tie-rod 
pin meet in the center of the rear axle? 

Mr. FAvVARY:—No. The steering-gear layout is de- 
termined mathematically and it depends on various fac- 
tors, including the length of the wheelbase. 

CLARENCE V. ELLIOTT’ :—What material does Mr. Pat- 
ton use for brake-drums and brake-shoes? 

FRED C. PATTON:—With the all-metal brake, we are 
using a brake-drum having approximately 0.45 per cent 
carbon and, for the brake-shoe:liner, plow steel having 
between 0.20 and 0.25 per cent carbon. 

WILLIAM H. FAIRBANKS” :—What are the averages of 
motorcoach breakdowns due to mechanical failures and 
to tire failures? 

Mr. PATTON :—Our time lost on an average aggregate 
mileage of about 6000 miles per day for say 90 vehicles 
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is less than 142 hr. per day. But the fact that we have 
to send a service car out in the tire failures often causes 
a delay. We replace the vehicle rather than hold it 
up. That applies particularly to the small lines where 
only one or two units are in service. On the two larger 
lines we limit the drivers to about 5 min. to fix trouble 
so as not to lap a headway. If trouble causes delay that 
will lap a headway, we replace the vehicle. That in- 
creases replacements but decreases lost time. 

Our road calls average 10 to 15 per day on the 6000 
miles. Some troubles require a replacement and some 
do not. With the dual rear-wheels it is impossible to 
change a tire on the road without losing too much time, 
and we replace the equipment. That entails also the 
transferring of passengers. We sometimes operate the 
vehicles until 4 p.m. without having a call for road 
servicing. 

What suits one driver may not suit another. When 
another driver takes the vehicle he usually wants some 
change made. So long as the one driver has the ve- 
hicle, we are not so likely to be called upon for road 
servicing. In the middle of the day we operate less 
than 50 per cent of the equipment that we operate at 
night, which causes us to split our runs. A man works 
in the morning, takes time off, and goes back in the 
afternoon. When three or four men operate the same 
vehicle, at least one of them will find something wrong; 
but one driver would have run it all day without calling 
for service. 

C. MAYNARD PARSONS" :—We use a monthly inspec- 
tion-system, having all the equipment brought into the 
service station at least once a month. The system in- 
cludes complete oiling and greasing, and repairing of 
necessary parts, at a fixed price. It has proved to be 
very successful. The car of an owner who patronizes 
the inspection system is in better condition than is the 
car of one who does not. We keep a list of all the me- 
chanical trouble with the car, and whether or not it was 


corrected. A space for suggested work is provided on 
the record form. That feature has worked out very 
successfully. 


H. E. CLEMENS”:—Regarding breakdowns on the 
road, we have 160 vehicles in service, operating a total 
of about 500,000 miles per month. The monthly aver- 
age delay for breakdowns is about 8 hr., including the 
time the operator waits for the repair man. Usually 
the service car reaches the disabled vehicle in 15 min. 

GARFIELD D. GENERAUX” :—We lubricate trucks after 
every 500 miles of operation, and touring cars after 
every 1000 miles. We keep an individual-vehicle record 
of when oil and grease in the transmission and differen- 
tial are changed, which is after every 5000 miles of 
operation. We change grease while it is warm, im- 
mediately after the vehicles come in from the road. 
We drain the oil and thoroughly wash out the oil con- 
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tainers with kerosene. As a result, we have several 
heavy-duty 5-ton trucks, some of which pull trailers, 
which have operated from 90,000 to 100,000 miles with- 
out having transmission or rear-end trouble. 

C. S. SWANEY“:—My experience in maintaining a 
fleet of 45 trucks, which are about 6 years old, is that 
breakdowns average approximately two or three per 
month, none of them being of a serious nature. 

EARL M. F1ITz”":—We inspect each vehicle at regular 
predetermined periods. Full cooperation from the truck 
drivers is necessary, because the abuse of equipment is 
responsible for many unnecessary repairs. 


AIDS TO EFFECTIVE OPERATION 


EUGENE POWER“:—Someone has said that the three 
cardinal points of economical fleet operation are selec- 
tion, inspection and lubrication. Selection is compara- 
tively easy, owing to the excellence of all types of 
motor equipment now on the market. Of the other two, 
inspection is more important, because lubrication will 
follow a correct inspection. The average distance of 
one of our vehicles from a repair station is about 30 
miles, but in one instance our trucks are 700 miles from 
the shop at which they are overhauled. Our inspectors 
make all running repairs; major repair-work comes into 
the central shops. Our aim is to spread the period 
between overhauls as much as possible. 

As to trouble resulting from using different drivers 
on the same truck, we try to make our traveling me- 
chanics, as we call our inspectors, instructors as well as 
mechanics. They do educational work among the 
drivers. A driver assigned to a certain truck takes 
pride in the vehicle; but, when the drivers are changed, 
the problem of getting cooperation becomes difficult. 
We try to persuade our traveling mechanics to utilize 
their spare time in a missionary capacity. 

One difficulty that fleet operators have is due to the 
fact that operators of the trucks and cars are not fi- 
nancially interested in them. When some other person 
is to pay the bill, the incentive for a driver to be eco- 
nomical is lessened. Where possible, we believe it is 
advantageous to group trucks and cars of a similar 
make in the same district, because the drivers, the shop 
mechanics, and the traveling mechanics are then con- 
versant with that particular type. It is particularly 
helpful to the traveling mechanics, who become “wised- 
up” on complaints to such an extent that they can detect 
trouble causes more quickly. 

GEORGE L. Moskovics":—I have studied service for 
many years, from both the factory angle and the sales 
angle. About half of the service difficulty lies with the 
service man. While I do not claim that he should be a 
psychoanalyst, he should be a good reader of character. 
It is a psychological matter to get an irate owner or 
driver smoothed down so that he can tell a correct story 
of what his trouble is. The average driver does not 
know much about automotive equipment. The more 
ignorant he is the more positive he is, and it requires 
tact and knowledge of human nature to handle such a 
situation. 

W. C. BRown”™:—On inspection, is it wise or profit- 
able to have the man who inspects a vehicle make the 
inspection and be entirely free from doing mechanical 
work, reporting to the mechanic who is to do the work? 
In that way, the man who does the work will not slight 
anything. 

Mr. FAIRBANKS :—We tried that, but it caused a jam 
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all the time. Besides that, the expense was duplicated. 
Our organization does not believe in non-productive 
inspection. It is the duty of the shop foreman to see 
that work is not slighted. 


‘ BRAKE SAFETY CODE AND HEAD-LAMPS 


CoKER F. CLARKSON”:—Engineers should not be 
blamed entirely for inadequacy of brake equipment. In 
all our work we should be somewhat careful to avoid 
putting the engineer into a position in which he is ex- 
pected to solve a problem that he does not really control. 
The kind of brakes installed on equipment depends on 
the company policy and the cost of the equipment the 
engineer may recommend. We know that the engineer 
does not always control the company’s policy. At the 
same time, engineers do not know all about brakes. 
There has been a steady improvement in the components 
which make up brake equipment, and a large amount of 
testing of brake-linings at the Bureau of Standards 
and in other places. While I think there is no con- 
census of the best qualified men as to best methods, 
! believe there has been steady progress along the line. 

The Society does not intend to foster any unneces- 
sary regulations with regard to motor-vehicles or any- 
thing else; but, so far as possible, it desires to bring 
out the facts, to have policies defined, and to make the 
engineering possibilities well understood. When the 
work was started to formulate the Safety Code for 
Brakes and Brake Testing, the officers of the Society 
said that the problem involved was one of policy rather 
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than engineering. 


knows 
mately how quickly a vehicle can be stopped. 
matter of policy as to what the ordinances and statutes 


A good engineer approxi- 


It is a 


should require. That Code has come through; it pro- 
vides stopping distances for passenger-cars and trucks 
from certain speeds. Certain provisions are to be jn 
effect only temporarily, it being expected that the vari. 
out ordinances will require more provisions, according 
to reason, as time goes on. The Code is nothing more 
than the draft of what any uniform motor-vehicle law 
might be. It is not a law until it goes into effect 
through some legislature. When it does go into effect. 
if it is a good law, we know there is a strong tendency 
for such a law to be followed. 

With regard to head-lamps, adjusting the present 
equipment as well and as promptly as possible is very 
desirable. We know, however, that the present regula- 
tions are not ideal. A good driving-light is bound to 
cause glare under certain conditions. It has occurred 
to some men that the whole scheme of head-lamp jil- 
lumination might be modified by using say an illumina- 
tion pattern of irregular form. If we had right-hand 
driving, as formerly, the drivers of the vehicles would 
not be bothered so much with glare. It is the left head- 
lamp that is annoying. In all probability we are not 
going back to right-hand driving. With conditions as 
they are, the pedestrian would be in trouble even with 
right-hand driving. One suggestion is that the left 
head-lamp alone be dimmed. The Society is having 
some tests made at the Bureau of Standards to try out 
that and other similar ideas, and the work looks promis- 


ing. 


Reduced Rates on Air Mail 


T now costs only one-quarter as much as formerly to send 

the average business or social letter by air mail be- 
cause on Aug. 1 the rate was reduced from 10 cents per 
% oz. to 5 cents for the first ounce or fraction and 10 
cents for each succeeding ounce or fraction. This means 
that an ordinary letter may be sent anywhere in this Coun- 
try for 5 cents and that an air-mail package which for- 
merly required $2 postage may now be sent to any part of 
the Country for $1.05. 

This new low rate holds out tremendous possibilities for 
the American business-man. The reduction comes when the 
air-mail companies are giving the most dependable service 
in their history. The man or woman using air mail for 
business or social correspondence has the benefit of 28 air- 
mail routes over 12,457 miles, serving 62,000,000 people 
directly and millions more indirectly. Each 24 hr. the mail 
planes fly 20,000 miles, and their daily average mail-load 
now exceeds 3 tons. Air mail averages more than 100 
m.p.h.; and the airplanes are flown night and day. 


Speed is the essence of air-mail service, and the record of 
efficiency established by the air mail in the last 10 years, 
during which time nearly 16,000,000 miles were flown and 
302,000,000 letters carried, merits much greater patronage 
of the service. Every alert business-man should determine 
definitely how time and money can be saved by use of the 
air mail. 

The regulations on air mail are simple. Any mailable 
matter, except perishable matter liable to damage by freez- 
ing, may be sent by air mail. Registered, insured and 
C.0.D. matter is carried by air mail, as are packages not 
exceeding 50 lb. in weight and not exceeding 84 in. in length 
and girth combined. Special-delivery stamps still further 
expedite delivery of domestic air mail. 

Air mail may be deposited in any mail box. Distinctive 
air-mail envelopes are desirable, but not compulsory, but 
the words “Air Mail” or “Via Air Mail” must be clearly 
endorsed on the envelope or wrapper.—Arthur C. Linder, 
postmaster at Chicago. 


——— es 





SEM 


suc 
cip 


giv 
it 


da: 
ou 
er 
an 


Lteé 





‘Oxi- 
is a 
Utes 
pro- 
ucks 
e in 
Vari- 
ding 
nore 

law 
ffect 
Tect, 
ency 


Sent 
very 
zula- 
id to 
rred 
p il- 
1ina- 
hand 
rould 
1ead- 
> not 
IS as 
with 

left 
ing 
y out 
ymis- 


rd of 
years, 
1 and 
onage 
rmine 


f the 


ilable 
freez- 
| and 
Ss not 
ength 
irther 


netive 
, but 
learly 
inder, 


ee — 


Ground Gears and Transmission Design 


By H. F. L. Orcurt! 





Semi-ANNUAL MEETING PAPER 


————— 


ROUND teeth for transmission gears are advo- 

cated because they can be made to the same 
degree of accuracy as the other fine working-parts of 
a motor-car. 

The designing engineer is held responsible for con- 
ditions unfavorable to the adoption of gear grinding 
by the production department. Mr. Orcutt believes 
that cluster gears should be avoided because it is 
impossible to finish them accurately. 

Fundamental principles of rigid shafts and correct 
bearing arrangements are laid down, and the degree 
of accuracy is specified for the fitting parts. Trans- 
mission-case design still needs development and study 
to avoid resonance. 

Designs are recommended that will provide ample 
center distance to avoid pinions with a small number 
of teeth. The unmodified involute is recommended as 
the most satisfactory form of tooth. 


Spigot bearings receive special consideration. Two 


HE spur gear with straight ground teeth can be 
made more accurate than any other gear and is 
essential to high quality in transmissions. Its 
successful use in any transmission system depends prin- 
cipally on two conditions: It must be designed so that 
it can be produced cheaply, and it must be mounted to 
give accurate and permanent alignment. In this paper 
it is proposed to consider in detail these two conditions. 
It would be difficult to conceive the motor-car of to- 
day, with its refinements, reliability and low cost, with- 
out the perfection of its mechanical details such as the 
crankshaft, pistons, cylinders, camshaft, valves and ball 
and roller-bearings. 


‘Fr. M. S. A. E. 
Birmingham, 


Managing director of The Gear Grinding Co., 


Ltd., England. 








Illustrated with Drawines 





designs of transmission are submitted, in one of 
which the spigot bearing is eliminated. Simplification 
is sought by reducing the number of gear sizes used. 
Four-speed transmissions require gears with only 
four different numbers of teeth. 

Prominent engineers discussed, at the meeting, 
many of the points in the paper, explaining that their 
different opinions were caused largely by the differ- 
ence between conditions in England and in America. 
Good cut-gears, even cluster gears forged and heat- 
treated by the best available methods, are said to be 
as accurate and satisfactory as other parts of the 
transmission, 

American methods of design, based on maximum 
capacity in pounds-feet per dollar of cost, are de- 
scribed. 

Among other points considered are the relative 
merits of form-grinding and generating-grinding 
methods; and lubrication, noise and efficiency. 


Accurate machine-work on these parts is not only 
necessary to good running, it is essential to progress in 
design. Without it, tests are misleading and research 
has no foundation. 

The transmission is the only unit of the modern car 
in which design and production are not in accord with a 
high degree of mechanical perfection. Fundamental 
progress in transmission design is impossible when ordi- 
nary cut and hardened gears are employed. Substantial 
and probably unforeseen progress will be made in trans- 
mission systems when it is realized that gears them- 
selves now can be finished so that they will run prac- 
tically silently, and that every pair can be guaranteed 
to be of a uniform degree of silence. 

The quiet-running transmission has, or should have, a 
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Fic. 1—FouR-SPEED TRANSMISSION FOR A SMALL CAR 


A Design Suggested for an Engine Giving a Maximum Torque of 1100 In.-Lb. 


Angle, with Full-Height Teeth and Ground Profiles. 


All Gears Are 8 Pitch, %-In. Face, 20-Deg. 


Pressure 
With Only Four Numbers of Teeth, the Ratios Are 1.0 to 1, 1.6 to 1, 2.5 to 1. 
4.0 to 1, and 4.0 to 1 
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greater number of extremely accurate surfaces than any 
other unit in the car. In the usual four-speed unit there 
are, On an average, 250 gear-teeth. To give the best 
results with tooth pressure in either direction, all these 
250 teeth must have their 500 separate surfaces accu- 
rate within 0.0003 in. These 500 surfaces are complex 
mathematical curves and should be spaced by the index- 
ing mechanism with errors not exceeding 0.0001 in. 

Gear-tooth-grinding machinery and methods are now 
available that will successfully meet these exacting re- 
quirements. Cooperation of the designer and producer 
is now needed to bring the high-class transmission gear 
within reach for even the cheapest car. 

Universal use of the ground gear is within sight. 
The designer of transmissions is largely responsible for 
its slow progress. The production engineer is more or 
less helpless until the designer alters details so that the 
high-class silent-running gear can be produced cheaply. 
Obviously, to avoid prohibitive costs, production must 
be carefully considered. 

Broadly speaking, there are now three distinct rou- 
tines made use of in gear production: 

(1) The hole of the gear is finish-ground, chucking 

from the finished tooth 

(2) Teeth are finish-cut after heat-treating, the gear 

being mounted on a mandrel 

(3) The heat-treated teeth are finish-ground, 

gear being mounted on a mandrel 


THE BEST GEARS ARE MADE SINGLY 


First, the designer must decide the quality he wishes 
in the finished gear, and the best productive routine 
fashions details accordingly. Noisy running and the 
greatest irregularity will be found in the so-called 
cluster gear. It is a hopeless design if high quality is 
desired. Even with only two gears in the cluster, one 
or the other or both will be bad; no method of produc- 
tion will make them good. If they are hardened and the 
hole is ground by chucking from one gear, the other 
gears will be out of true. The more gears there are on 
the cluster, the worse are the results. If the teeth are 
heat-treated and finished afterward, the cutters wear so 
rapidly that accuracy is impracticable. The cheapest 
tooth-grinding is impossible on nearly all cluster gears. 
From the forging to the finished article, cluster gears 
are a disappointment unless indifferent quality is ac- 
ceptable. 

If individual gears are decided upon, results will be 
better, as they can be treated independently in every 
process. However, they cannot be of the highest quality 
if they are finished with a cutter; we must use gears in 
which the teeth are ground as the last operation. 

What, then, is the best method of producing these 
gears cheaply? We must begin with the design of the 
transmission itself; a badly designed gear may be im- 
possible to produce cheaply, and a badly mounted gear 
may not run satisfactorily, no matter how accurately it 
is finished. The design of the details must allow cheap 
production, and the assembly must meet the conditions 
necessary to good running and reliability, so far as 
we know them. 

The essential details of the modern transmission are 
(a) gears, (b) shafts, (c) bearings, and (d) casing. 


the 


TootH LOADS ARE NoT ESTABLISHED 


There are very few reliable data as to tooth dimen- 
sions for high-duty gears. Minimum sizes of the teeth 
of case-hardened gears cannot be given until consider- 
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able research work has been done. Running-tests op 
hundreds of thousands of gears over a period of many 
years demonstrate that gears with accurately finished 
teeth, mounted in rigid alignment, will run silently at 
practically all speeds if not overloaded. Bench tests 
and chassis tests do not give the same results when 
gears are mounted and run under the same loads. 

Gears with teeth accurately ground will carry more 
load than cut gears of the same dimensions; but the 
most accurately finished gears will be noisy if over. 
loaded or if they do not run in good alignment, and they 
will wear quickly and become gradually more and more 
noisy. 

Gears of the highest accuracy will be quiet in some 
chassis and noisy in a chassis of different design, but 
results do not seem to be much different with unit or 
independent mounting of the transmission. 

Gears of the same degree of accuracy will run quietly 
in some transmission cases and be noisy in others of 
exactly the same design, and pairs of gears with inac- 
curate teeth may run quietly. 

Transmission gears with hardened and ground teeth, 
running at about 2000 ft. per min., may have a maxi- 
mum pressure of about 1200 lb. per in. of tooth face, 
with temporary overloads. 

Full-depth teeth are more easy to finish accurately 
and have better running-qualities than stub teeth. The 
most satisfactory all-round results are attained with a 
20-deg. pressure-angle, and the full, accurate and com- 
plete involute is the most satisfactory form of tooth. 

LIGHTEST DESIGNS CANNOT BE BEST 

It is difficult to make gears of good tooth proportions 
if light weight is accepted as the guiding principle of 
transmission design. Small numbers of teeth in the 
constant-mesh, first-speed and reverse pinions are com- 
mon, and they do not allow good tooth contact. Center 
distance between the mainshaft and the countershaft 
must be enough to permit at least 18 teeth in the small- 
est pinion. More desirable figures are 20 teeth for small 
cars and not less than 24 for the larger cars. With 
these minimum numbers of teeth, undercutting need not 
occur, special designs of tooth with long arcs of contact 
will be possible, all pinions can be made separate from 
shafts so that they can be cheaply machined and heat- 
treated, shafts can be made of generous size, and accu- 
rate mounting will not be difficult. 

Forms of gear blanks should be simple to permit low 
cost with high quality, and this combination is most 
easily attained when cluster gears and gears solid with 
shafts are avoided. 

There is no difficulty in keeping the variety of gear 
sizes small. Good ratios are easily found in a four-speed 
transmission with only nine gears, having only four 
different numbers of teeth. Except for very special 
cases there is no excuse for a transmission with ten 
gears, each with a different number of teeth. It is 
much easier to produce four different gears than ten 
different gears, and troubles in tooth finishing are 
easier to find with the smaller variety of teeth. 

The rounding of teeth of clashing gears is nearly al- 
ways badly done. They should be rounded in such a way 
that there is no possible chance for the working sur- 
faces of the teeth themselves to be upset in gear chang- 
ing. With long-addendum teeth, care should be taken 


that no contact takes place at the tips of the teeth when 
clashing. 
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36-Tooth Gear 


Fic. 2—HOLDING GEARS FOR ROUGH-CUTTING 
The Upper View Shows 15 of the First-Speed Pinions Mounted on 
One Mandrel for Hobbing. The Lower View Shows 10 Third- 
Speed Gears Ganged for the Same Purpose 


TRANSMISSION-SHAFT REQUIREMENTS 


Good-running gears are an impossibility unless shafts 
are strong enough to keep teeth accurately in contact 
when under load. Long flimsy shafts must be avoided. 
Shafts must not bend or be forced out of line by com- 
pression of oil-films in bearings. Bending can be over- 
come by making the shafts large enough in diameter. 


Third- Speed Fixed 
- 


= A = aia] 
Arar 
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Proper disposal of bearings is necessary to keep shafts 
in line. 

For general engineering, the splined shaft is usually 
avoided as too costly except where absolute security is 
essential. It has many virtues as used in the modern 
transmission, and methods of making have brought it 
within reach for the cheapest car. It can be produced 
as an interchangeable part within fine limits of error. 

The best form of splined shaft for both fixed and 
sliding gears is one on which the gears are fitted at the 
bottom of the splines. This surface can be finished with 
practically as great accuracy as a completely cylindrical 
surface, and the holes in the gears can be ground with 
no more difficulty than if they were completely cylin- 
drical. 

Shafts can be finished in the grinding machine, allow- 
ing very fine clearances for the gears with no hand fit- 
ting whatever. Gears can be made to slide freely with 
not more than 0.0005-in. clearance between the hole and 
the shaft, and small clearance is of considerable assist- 
ance in maintaining gear-tooth alignment, although its 
value is not always fully appreciated by either designers 
cr producers. Fixed gears can be made with virtually 
the same clearances as sliding gears, and broaches can 
be the same for gears on both the main shaft and the 
countershaft. 

Taken all around, the six-splined shaft meets the re- 
quirements of cheap assembly, close fits, easy working, 
good alignment, maximum strength, interchangeability, 
low cost and complete security. Lubrication is easily 
maintained, and very little backlash between keys and 
slots in gears need be specified. 
























First-Speed Sliding 





First-Speed Fixed 





Reverse Pinion 


Fic. 3—GEARS MOUNTED IN GANGS FOR FINISH-GRINDING WITH FORMED WHEELS 


A Group of Each of the Gears in the Transmission of Fig. 1 Is Shown Mounted on a Stub Mandrell as Proposed for the Final Opera- 
tion of Grinding the Tooth Contours 
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It is not necessary to harden splined transmission 
shafts as, in a properly proportioned unit, they can 
easily be made large enough to provide generous sliding 
surfaces that will not wear. 








greater the overhang is, the greater is the possible de. 
flection. The spigot should be seated as far as possible 
into the pinion shaft. 

Constant-mesh-pinion shafts are best mounted in two 
bearings, one on 
either side of the 
pinion itself, and 
far enough apart to 
support the pinion 
rigidly. Undoubted- 
ly, defective opera- 
tion is often caused 
by spigoting the 
forward end of the 


pinion shaft into 
the end of the 
crankshaft. Unless 


the crankshaft and 
the gear shaft are 
exactly in line, mis- 
alignment of the 
gear shaft will cer- 
tainly result, with 
consequent gear 
noise. Although 
the crankshaft and 
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Fig. 4—DETAILS OF SHAFTS FOR SMALL TRANSMISSION 
Shafts for the Unit Shown in Fig. 1 Are Designed To Require Broached Holes of Only Two Sizes in the 
The Shoulders on the Shafts Are Interrupted To Allow Through Grinding of the Splines 


Gears. 


SELECTION AND MOUNTING OF BEARINGS 


Bearings of six different types are commonly used in 
transmissions: Ball-bearings, solid-roller bearings, 
flexible-roller bearings, taper-roller bearings, plain bear- 
ings, and end-thrust bearings. They may be, and very 
often are, selected and disposed in such a way that quiet 
running is impossible, no matter how carefully the gears 
may be finished and mounted. They may be of such 
quality that they make more noise than the gear teeth; 
and the best of bearings may be fitted in the cases so 
badly that they are noisy. 

Plain bearings have one great virtue; in themselves 
they are noiseless. They give remarkable service in 
the countershaft of many transmissions and as spigot 
bearings for the main shaft. Of course they must have 
ample dimensions and proper oil clearances and must be 
carefully lubricated. Plain spigot-bearings should be 
made with as little oil clearance as is feasible. This is 
a much neglected detail. It is well known that the 
third-speed gears of a four-speed transmission are al- 
ways the most difficult to make quiet under load. Much 
of this trouble is caused by displacement of the main 
shaft due to compression of oil-films in the spigot bear- 
ing and the constant-mesh-pinion bearings. In many 
transmissions this amounts to as much as 0.003 in., 
which is enough to convert quiet third-speed gears into 
howlers. This defect is aggravated when the main shaft 
is spigoted into an overhung constant-mesh pinion. The 


the crankshaft near- 
ly always whips be- 
cause of deflection 
under varying 
stresses in its cycle 
of operations and cannot make true concentric revo- 
lutions. It is suggested that the best construction is 
to extend the crankshaft and mount the clutch on this 
extension, coupling to the transmission with a flexible 
member. 

Countershaft bearings of whatever type should 
have capacities well above the loads imposed on 
them. If two ball-bearings are used, only one should 
be the locating bearing, the other being free to move 
endwise. 

There is no need for a special thrust-bearing in a 
transmission except for very special service. Ball and 
roller-bearing makers advise not more than two bear- 
ings for any one shaft. This is reasonable, because 
clearances in good bearings rarely exceed 0.0003 in. 
It is not easy to fit three bearings on one shaft with so 
little oil space and with uniform oil clearances so that 
oil will run perfectly. The slightest distortion of shaft 
or casing will destroy bearing lubrication, causing noise 
and undue wear. 

Ball and roller-bearings are rarely fitted as directed 
by the makers, the imperfect fitting causing unsatis- 
factory and irregular running results. All ball and 
roller-bearings should be selected for quiet running. 


TRANSMISSION-CASE ACOUSTICS REQUIRE STUDY 


It would be difficult to find any piece of mechanism 
that has given better service in respect to reliability 
than the ordinary transmission. It has stood by the 
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automobile engineer since cars were first made, and it 
ig still without a rival. If it could be made noiseless 
it probably would remain supreme for a long time. Ef- 
forts to make this unit quiet have been thwarted, prin- 
cipally, by inaccurate gears. This obstacle now is re- 
moved and quiet gears of uniform quality can be 
guaranteed, each pair tested for silent running, with no 
rejects or scrap. Entirely satisfactory bearings also 
are available, and there is no excuse for the design of 
flimsy shafts. 

Developments that will secure refined operation may 
be confined principally to the casing and the arrange- 
ment of bearings. The problem is not easily solved, 
neither is it hopeless, but it never will be solved so long 
as the motor-car engineer makes light weight the be- 
ginning and the end of all in his work on transmission 
design. Sufficient metal to secure rigidity for correct 
tooth-contact can be accepted as an indispensable re- 
quirement. Undoubtedly the greatest difficulty will be 
encountered when troubles are other than mechanical 
inaccuracy and the study of gearbox acoustics begins. 
Resonance in transmission cases has not been made the 
subject of special research. Objectionable noises seem 
both to be created in the case and to be echoed in it 
from other mechanisms. 

Experiments are needed on the shapes and sizes of 
cases, on the method of mounting in the chassis, and on 
fore-and-aft connections. These experiments must be 
made with actual road-tests, using the most accurate 
years and bearings. One trouble that is not often rec- 
ognized, but which seems to be present to a greater or 
less extent in all transmissions, is noise from oil- 
churning. In some units, in which this has been so bad 
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that it was attributed to poor gears, it has been reme- 
died by inserting baffle-plates. 

It can be accepted that the transmission problems of 
the future are principally those of the case. If this de- 
tail can be mastered, the conventional transmission in 
its simple form will serve the motor-car engineer for a 
long time, and be silent, cheap and reliable. Compli- 
cated and expensive forms of gearing will not be neces- 
sary. 


FREE-WHEEL MECHANISM DESERVES STUDY 


A recent development, if successfully applied, may 
give prolonged life to the ordinary transmission. It is 
known as a free-wheel mechanism and it has an attrac- 
tion for the driver as well as for the maker of cars. 
Very likely the device is worth considerable attention 
from the car engineer who is considering transmission 
improvement. If perfected, it will not only remove the 
bugbear of gear changing but it also should prolong the 
life of the unit and increase the efficiency of the car. 

It cannot be said that we have sufficient knowledge 
or data to enable us at once to design and produce the 
ideal transmission. We do know enough, however, to 
make a unit in which the worst features of many others 
can be avoided and in which the best features of gear- 
tooth development can be utilized. Most motor-car 
makers know that calamitous results may follow the ini- 
tial production of a radically mew design. It is almost 
impossible to foresee what will happen to any mecha- 
nism in public use. Stiff tests, no matter how long a 


period they may cover, often are misleading. The ca- 
pacity of the public for revealing weaknesses and de- 
fects is unlimited; and the public is the only final judge. 






Fig. 5—TRANSMISSION DESIGN FOR A LARGE MoTor-CArR 


The Distinctive Features of This Design, Which Is Suitable for 


an Engine Having a Maximum Torque of 3660 In-Lb., Is the 
Separate Support of the Constant-Mesh-Pinion Shaft and Main 
Transmission-Shaft without a Spigot Bearing. At the Bottom 


of the Figure Are Shown the Third-Speed Sliding-Pinion, with 


the High-Speed-Clutch Jaws Integral, and the Splines in the 
Transmission Shaft in Which This Clutch Slides. The Gears Are 
7 Pitch, of the Form Shown in Fig. 6. With Only Four Numbers 
of Teeth, the Ratios Are 1.00 to 1, 1.50 to 1, 2.35 to 1, 3.54 to 1. 
and 3.54 to 1 




































































Vol. XXIII 
288 





September, 1928 


Ss. A. E. JOURNAL 








nee erence ee 


Further, there is often much difference between the ex- 
perimentally made and the factory-made article. 

To follow the moderate course of progress, a design 
of transmission is submitted herewith that is believed 
to be neither a freak nor an experiment. It meets most 
of the conditions that we know are required for both 
good running and cheap production, making use of 
ground gears which, as gears, can be guaranteed to be 
silent when running. No departure is made from 
conventional methods of gearshifting or chassis mount- 
ing or of standards in detail. 

Production of gears of the highest quality has been 
kept in mind in the design of the gears. The use of 
formed-wheel grinding for tooth finishing is adopted as 
a method which gives extreme accuracy and fast grind- 
ing, allows for the cheapest tooth-roughing, and covers 
the widest range in pitches and face widths and harden- 
ing distortions. Gears made from case-hardening 
nickel-steel are adopted as giving the best satisfaction. 


A SMALL FOUR-SPEED TRANSMISSION 


The design of transmission shown in Fig. 1 is suit- 
able for a so-called 15-hp. (Royal Automobile Club rat- 
ing) car with an engine displacement of 2350 cc. (143.4 
cu. in.). It can be mounted either independently or as 
a unit with the crankcase. There would be little danger 
in putting this transmission into production with very 
slight delay. Details will be discussed following the 
principles which have already been outlined respecting 
(a) design and (b) production methods. 

The gears, so far as numbers of teeth are concerned, 
are only four. This is important, as it gives the small- 
est possible variety of tooth problems, which are the most 
difficult of all problems to master. For the four forward 
speeds there are only two pairs of distinctly different 
gears; as the constant-mesh and the first-speed gears 
are alike, so far as tooth finishing goes; and the same 
applies to the second and third-speed gears. The re- 
verse idler-gear is like the constant-mesh and first-speed 
pinions, making nine gears in all. The smallest num- 
ber of teeth used is 18. Good tooth-contact is possible 
with 8-pitch teeth and a 20-deg. pressure-angle. There 
are no cluster gears, and no gear is made integral with 
a shaft. This gives the widest possible choice of ma- 
chining methods and in selection of gear material and 
methods of heat-treating. 

The gears are simple in form, so that dies and forg- 
ings will be cheap. Only two sizes of broach are neces- 
sary. The holes are large enough to assure security 
when the gears are held for machining and when 
mounted on shafts. It should be noted that every gear 
is mounted close to a supporting bearing when running 
under load. The method of spigoting is not an experi- 
ment but has been proved in practice to give good re- 
sults. It should be especially noted that the running of 
the third-speed sliding-gear cannot be influenced by the 
spigot bearing. This gear is always the most difficult 
to make quiet, but tests prove that it is very satisfac- 
tory when it runs close to a supporting bearing. 


PRODUCTION OF GROUND GEARS 


Of the smaller gear shown, 15 can be hobbed at one 
set-up. All these gears can be ganged for tooth grind- 
ing. It is believed that gears of this design can be 
tooth-ground to the highest degree of accuracy at a cost 
rnat will compete with any other method of tooth finish- 





ing. Figs. 2 and 3 show how the gears can be gangej 
for rough-cutting and finish-grinding. 

To allow for tooth distortion in heat-treatment, 0.004 
to 0.005 in. of stock should be allowed at the sides of the 
tooth for grinding, by using a thin cutter. The outsig 
diameter of the blank is turned to finished size, anj 
from zero to 0.010 in. of stock should be left at the rog 
of the tooth for grinding. 

Face grinding must be carefully done to get Satis. | 
factory results. It is evident that tooth grinding in the} 
way suggested will not be uniform unless the fag 
grinding is very accurate in relation to the surface 
of the gears. The hole and spline dimensions shown jp 
Fig. 4 are easily worked to. 


THE CENTER DISTANCE MusT BE AMPLE 


It is a common mistake for designers to select a | 
ter distance too small for good gears. The center dis. 
stance between the shafts, the gear center-distance, jg 
the smallest that can be advised for this transmis. 
sion. Probably the unit would be more satisfactory 
if the center distance were greater. Certainly the gear 
should give a better performance if they were made] 
larger in diameter, but they do not need wider faces, 
The best tooth-contacts are not possible in a pinion with 
a low number of teeth, and a small-diameter pinion can- 
not be made separate from its shaft without making 
the shaft itself too small properly to support the gears, 
Holes in small pinions cannot be large enough for good 
mounting nor to support accurate and cheap machining, 
The governing dimension of the transmission is the 
center distance between the shafts. Nothing is gained 
by making it small, and much is gained by making it 
great. 

The splined shafts are shown in detail in Fig. 4. They 
are made with splines of only two sizes. The splines on 
the constant-mesh-pinion shaft for both the pinion ané 
the clutch spider are the same and are finished in one 
operation. The working limits shown are easily ad 
hered to. It is recommended that splines be finish 
ground, facilitating close and at the same time easy 
sliding fits. There should be no hand-fitting whatever, 
for the sake of complete interchangeability and the 
cheapest assembling. It should not be necessary t 
harden either the shafts or the sliding member on which 
the first and second-speed sliding-gears are mounted. 

For the transmission main-shaft and the constant 
mesh-pinion shaft there are only three ball-bearings and 
one spigot bearing, the same as in nearly all transmis 
sions of conventional design. There are also, as usual, 
only two bearings for the countershaft. The suggestion 
for the spigot bearing is not new although the construc 
tion is not common. As shown, it is well supported at 
some distance from the constant-mesh pinion, and it is 
very lightly loaded. A loose bushing is not advised, as 
it adds another oil clearance and it may become fixed 
by the chance entrance of a chip or piece of dirt after 
it has been in service a short time, and it will then be 
eccentric. 

There are no more than two roller or ball-bearings it 
line on one shaft, a feature endorsed by bearing makers. 
The distance between bearings has been kept as small 
as possible, and this, combined with the large diameter 
of the shafts, should prevent the deflection that is fatal 
to good running. The long roller-bearing has beet 
chosen to support the layshaft as close as possible t0 
both the constant-mesh gear and the third-speed cout 
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tershaft-gear. The lubrication should be satisfactory 
in a gearbox of the design shown. 


RESONANCE AVOIDED IN THE CASE 


The design of the case shown is not offered as ideai, 
nor as one in which gears will be guaranteed noiseless 
running. As before stated, we have very little to guide 
us definitely in fashioning 
this detail. It is possible that 
gears running in this case 
will be quiet in one chassis 
and not in another of even 
the same design. 

Use is made of 
ciples of design known to 
give the best results. The 
case is as small as is prac- 
ticable, leaving as_ small 
sounding-board areas as pos- 
sible. It has been observed 
that transmission cases with 
large open spaces are more 
resonant than others. Noises 
either transmitted or cre- 
ated by flat surfaces have 
also been noted. Curved sur- 
faces should not vibrate and 
are stiffer for the same 
weight than flat walls. In the 
pattern of casing suggested 
are shown internal ribs con- 
necting the outer walls with 
the metal in which the bear- 
ings are housed. As there are 


the prin- 


two of these central bearing- 90 
supports, one for each shaft, — 
the case should have consider- . 60 
ably more rigidity than the -_ 


Per 


usual pattern. It is suggested 
that an experimental case 
could be made by arranging 
diagonal ribs on the sides and Le 
bottom of the case without 
altering any internal details. 
They would certainly stiffen 
the case and might assist in 
absorbing vibrations. 

The method of mounting 
the case in the chassis is 
important. It should be mounted in as complete isola- 
tion as possible in respect to connections with the en- 
gine shaft and the propeller-shaft, as well as the fixed 
surfaces by which it is secured to the frame. 

What are called period noises are most difficult to deal 
with. The main difficulty is to locate the source of the 
trouble. It is not always certain whether it is in 
the transmission or comes from some other unit. Im- 
provements in the design of transmission cases may 
assist materially in curing this trouble, which some- 
times disappears with a change in speed. 

Oil splash, if objectionable, can be dealt with only 
by observing the running conditions and applying ex- 
perimental remedies until a cure is found. 


“sss 


Lire of Action 


DESIGN FOR A HIGH-QUALITY CAR 


Another design of transmission is submitted in Fig. 
5 as being suitable for large cars in which refined run- 


GROUND GEARS AND TRANSMISSION DESIGN 








ning is especially desirable and costs are not so impor- 
tant as for smaller cars made in large quantities. The 
gears themselves can be produced cheaply, for the same 
production routine can be followed as for gears in the 
smaller transmissions, with the exception of the third- 
speed sliding-gear. The clutch teeth on this gear must 


be ground on the sides so that they will have all possible 





Special Proportions for Tooth Height 
n Terms of Circular Pitch 
Addendum =0.4/ Circular Pitch 
Dedendum =046 Grcular Pitch 
Working Depth= 0.82 Circu 
Whole Depth = 087 Circular Pitch 


lar Piteh 


Bottom Clearance =0.05 Circular Pitch 


Vo 


t Action, Standard He. ght Teeth --> 


Special Hergh? Teet> > 


Fic. 6—TOOTH FORMS FOR LARGE TRANSMISSION 


At the Left Are Shown the Special Forms of High Teeth for the 25 and 47-Tooth Gears Used 
for the Transmission Shown in Fig. 4. 
on the Right for Comparison. 


Corresponding Teeth of Standard Proportion Are Shown 


At the Bottom of the Figure Is a Diagram Showing, for Each 


Form, the Percentage of the Total Load Borne by Each Tooth as It Passes Through the Line 


of Action 


bearing on the sides of the deep splines of the main 
shaft. Novel features are that the main shaft is with- 
out a spigot and engagement for direct drive is made 
when the clutch teeth on the third-speed sliding-gear 
are pushed through the ball-bearing and lock with teeth 
on the constant-mesh-pinion shaft. 

No radial displacement can occur, such as is always 
possible with the ordinary spigot-bearing design when 
the oil-film is compressed by tooth pressure of the 
gears. 

All the sliding gears are supported on a large shaft 
mounted between two ball-bearings. The constant-mesh 
pinion also is mounted independently between two bear- 


ings. All the countershaft gears are supported between 
bearings. There are no overhung gears in the trans- 
mission. 


On the countershaft there are three bearings in line. 
These should be selected with a minimum clearance be- 
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tween the balls and races of 0.0005 in. Loading pres- 
sures of indirect gears should not affect the running of 
the constant-mesh pair. 

The gears in the large transmission have been de- 
signed with special forms of teeth having a long are 
of contact. The tooth designs are shown at the left in 
Fig. 6, and at the right are shown the standard tooth- 
forms that usually are adopted. Comparative tooth- 
loads at the different points of contact are shown in the 
curve at the bottom of Fig. 6. When teeth are accu- 
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rately finished the special long-addendum forms are of 
practical value, although they are not of much value 
in an ordinary cut gear. 

The two transmissions shown are not suggested as 
the last word in transmission design. They are given 
as examples of construction that may be helpful to 
those who wish to make the most economical use of 
gears with ground teeth. They are intended also as 
illustrations of principles to be followed to secure the 
best running-results from accurate gears. 


THE DISCUSSION 


PERRY L. TENNEY’ :—Before considering statements 
such as those made in Mr. Orcutt’s paper, we must ad- 
just our viewpoint. Anything that I may say in seem- 
ing disagreement with him is due to the difference 
between conditions in England and in America. 

A statement that has been most effective for im- 
pressing upon men in our factory the necessity for 
accuracy in gearing is that a gear is a constant-velocity 
multiple cam. If there are any humps in such a cam it 
it no longer a constant-velocity cam, and it sets up 
vibrations that produce noise. 

Our experience has been that good cut-gears practi- 
cally solve the transmission designer’s problem of gear 
teeth. This refers to gears that are machined and 
heat-treated to the same standard as other items of our 
product, If we allow the heats to vary 50 deg. in heat- 
treatments, when we have pyrometers and furnace 
eeyppent with which we can hold it within 25 deg., 
and if we allow the gears to vary from 0.0005 to 0.005 
in. in their contour when we have hobs, machines and 
checking equipment suitable to hold them within from 
0.0002 to 0.0005 in., we are not working up to the stand- 
ard of available equipment. Any cut gears varying 
more than this are poor gears, and cannot be considered 
in connection with transmission design. 

In consideration of the foregoing, I believe that 95 
per cent of our gear-noise troubles have nothing to do 
with gear teeth and, until we solve these other prob- 
lems, gear grinding will not help. I have seen very 
few transmissions made well enough to justify grinding 
the gears. It is only after the other problems are prop- 
erly solved that gear grinding will show its real value. 
It will better a good transmission, but it will not help a 
poor transmission. What seem to be an exception is 
the transmission of a large truck in which, owing to an 
engine change, it was necessary to hold the backlash 
between limits of 0.003 and 0.005 in. on a five-pitch 
50-tooth gear meshing with a 17-tooth pinion. It was 
found impossible to hold the gears within these limits 
when cut and heat-treated in the ordinary way, so we 
ground them. This prevented gear clatter, but it did 
not reduce the noise otherwise; the gears were no better 
than the experimental cut-gears when matched within 
the specified limits of backlash. 

Mr. Orcutt states that designers are largely responsi- 
ble for the slow progress in transmission design. It is 
the commercial situation which demands conservatism, 
and it controls the designers as well as all the rest of us. 
This is in line with Mr. Orcutt’s statement that light 
weight is a false aim. The ratio of foot-pound-hours to 





2M.S.A.E.—Chief engineer, 


Muncie Products Division, General 
Motors Corp., Muncie, Ind. 


dollars controls the design of transmissions, as well as 
of the whole car. This condition is referred to in the 
paper, but it is not given the importance that we must 
give it in America. Mr. Orcutt’s recommended start- 
ing-points or bases of design are far lower than those 
that are accepted in American intermediate-gear de- 
sign. He recommends a maximum pressure of 1200 lb. 
per linear inch on gear teeth, while most of our sue- 
cessful designs carry from 2400 to 2900 lb. He recom- 
mends a minimum of 20 or 24 teeth for a pinion, while 
most of our commercial designs include pinions with 
as few as 16 teeth. 

Our transmission design is based on the foot-pound- 
to-dollar ratio; not on a minimum number of pinion 
teeth. Modern materials permit transmission opera- 
tion with a pressure of 2900 lb. per in. in second gear 
and 5400 lb. in low gear or reverse. Tooth stresses 
based on cantilever calculations determine the pitch and 
minimum width; reasonably well-known wear-factors 
determine the additional width needed, and the size of 
the bearings required determines the minimum center- 
distance. 

From the foregoing factors and the gear-ratio re- 
quirements, the numbers of teeth are determined. 
Should the number in the pinion be less than is per- 
missible with a standard tooth-form without undercut, 
according to the Brown & Sharpe formula, as occasion- 
ally it is, the problem is solved with a modified adden- 
dum based on the geometry of involute gearing, not on 
hand-book formulas. In this way is obtained the 
smallest and lowest-cost transmision that will meet the 
requirements. 

The same basis of design for engines, axles, springs, 
and even for bodies, makes possible the modern motor- 
car at a price within the reach of the multitude. Foot- 
pound-hours per dollar serves also as the basis of our 
highest-priced cars, and this relationship typifies Amer- 
ican motor-car design, in contrast with the highly 
refined individualistic cars at prices beyond the reach 
of the multitude which typify British design. 

Confirmation of our attitude is found in one of the 
greatest uses we make of ground gears. Whenever we 
place a transmission in a new car and encounter criti- 
cism because of gear noise, our first answer is to furnish 
a set of ground gears in which the customer cannot find 
a defect. If these gears do not cure the trouble, the 
problem is in the application of the gears and not in the 
gears themselves; and we must work on kinetic values, 
vibration, resonance and such problems. During the 
four years in which we have used this method, ground 
gears have never cured the trouble. 

I believe that Mr. Orcutt’s condemnation of the in- 
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tegrally forged cluster-gear is a little too severe. Some 
of his statements are true and others were true for 
such forged clusters as were available 10 or 15 years 
ago; however, modern upset-forging methods, con- 
trolling the grain-flow and structure, together with 
modern heat-treatment and modern gear-cutting, enable 
us to produce a cluster gear that is more accurate than 
a built-up cluster, because of the accumulation of errors 
in the latter. 

We have found grinding to be valuable on our forged 
cluster-gears, especially for salvaging the small per- 
centage of gears that develop some irregularities. Also, 
we have found the two-piece cluster-gear to be a ready 
solution when a full-ground set is required. Making 
two gears integral with the shaft and two on a sleeve 
allows all of the gears to be form-ground, with far 
better control of eccentricity and key fits than is possi- 
ble with a fully built-up design. 

I am much surprised that Mr. Orcutt apparently ap- 
proves the semi-hard splined shaft, when his recom- 
mended grinding-practice lends itself to the highest 
development of a hardened splined-shaft. Under the 
pressures that we have found practicable for gears, 
with the permissible deflection of splined shafts and the 
other factors that determine the size of a splined shaft, 
it is necessary to use a hardened shaft to secure per- 
manence of fit when splines and gears are stressed as 
they are in commercial usage. 

The fundamentals stated by Mr. Orcutt, applied with 
the foregoing principles, produce transmissions that 
are satisfactorily quiet and of much higher capacity at 
a given cost than those submitted by Mr. Orcutt. The 
application of these ideas exemplifies the difference be- 
tween the British and the American viewpoints. I 
heartily recommend our consideration and acceptance 
of the greater portion of the fundamentals of Mr. Or- 
cutt’s paper, and present these differences, not as op- 
posite views, but as modifications and applications of 
the same views. 


FORM-GRINDING PROCESS PREFERRED 


Mr. Orcutt infers that gear-grinding for a transmis- 
sion can be done at about the same cost as gsar-cutting. 
We have tried, but so far have failed miserably, to sub- 
stantiate this. We find that the total cost of gear- 
cutting in a motor-car transmission, including all 
equipment and perishable tools, is a relatively small 
portion of transmission cost, and that entirely elim- 
inating this cutting would not eliminate 5 per cent of 
our so-called gear problems, because most of them really 
are due to mounting, deflection, torsional vibration, 
resonance, and other items not directly connected with 
gear teeth. When gear-grinding can be done at the cost 
of finish-cutting, and when transmissions can be refined 
to such an extent that gear-grinding is justified, better 
transmissions will be made. 

The job immediately ahead of the designer is to work 
out his other problems, such as those that arise from 
an adaptation of a transmission—perfectly good on one 
model—to a new engine, a new car, a new clutch, a new 
propeller-shaft, or a new mounting of the same engine; 
and to all the problems, in resonance, in torsional vibra- 
tion, in deflections, that this change brings about. We 
are kept busy in following up these items, without 
necessarily changing the gearset itself. 

Mr. Orcutt makes but one slight reference to the 


type of grinding considered in his paper, form-grind- 
ing, and he makes no comparison between that and the 
generating type of grinding, which is much in evidence. 

Having followed the gear-making industry from the 
old days of formed cutters to those of shapers and hobs 
that work on the generating principle, we at first de- 
cisively discarded the idea of form-grinding in favor 
of generating machines. However, after some years of 
work along this line, we found that we could get better 
consistent results from the form type of grinder. In- 
vestigation into the reasons for this brought the con- 
clusion that, while the generating process might be 
ideal, it apparently is impossible or impracticable at 
this time to build a generating grinder without violat- 
ing all principles of grinder construction. We did not 
like the forming-cam and pantagraph principle for 
formed wheels, but by this principle it was possible to 
build a genuine grinder, and a comparison of results 
from machines of the two types caused us to abandon 
the generating machines for production and use the 
formed-wheel type of grinder. In other words, we have 
not seen a generating gear-grinder that does not violate 
many of the fundamentals of a good grinding-machine, 
but it is possible to build a formed-wheel grinding- 
machine that is a good grinder, and, whether we like 
its fundamentals or not, it makes good ground-gears. 

H. F. L. Orncutt:—Deciding between improving the 
transmission case or the gears seems to be as hard as 
deciding which was made first, the egg or the chicken. 
Noise is always the great question; it has been practi- 
cally eliminated in every other unit of the car, and I 
feel that the public will demand greater refinement in 
this respect. Mr. Tenney states that ground gears will 
not help a poor transmission, and I say that poor gears 
will spoil an otherwise good transmission. 

I believe that progress in transmission cases will not 
go very rapidly unless the motor-car maker begins to 
use, experimentally at least, transmissions with gears 
of the utmost accuracy. If such gears are used and 
other troubles develop, the troubles must be eliminated 
as rapidly as possible. Commercial conditions are the 
same on both sides of the water, in that we all are 
obliged to produce and sell at a price that the public 
will pay; but they are different in that, in Great Britain 
and on the Continent, cars are not produced in very 
large quantities, and I believe that the demand for 
refinement is a little ahead of that in America. At the 
same time, most of the American cars in which I have 
ridden have wonderful qualities, especially when their 
prices are taken into consideration. 


LIGHT LOADS MAKE QUIET RUNNING 


In regard to pressure on gear teeth, we have found 
the best results, in about 50 or 60 different designs, to 
be obtained when the load does not exceed 1200 lb. per 
in. of face. In one English car, which is smaller than 
any made in America, I can account for the quiet run- 
ning of its gears in no other way than because the tooth 
loads are even lower than that figure. 

Broadly speaking, low loads on teeth of high quality 
are a help in the production of silent transmissions. 
Even in cars in which I know the gears to be ground 
as accurately as they can be, the results are always bad 
with pressures of 6000 Ib. per in. 

We have found that eccentricity does not very much 
affect the running of a gear if the teeth and the spacing 
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are correct. The involute tooth adapts itself to eccen- 
tricity and a considerable variation in center distance 
without the slightest effect on noise. 

Experience on many transmissions shows that there 
is no necessity for hardening the shafts if they are 
large enough, are made from good material, and are 
ground accurately with not too great a clearance be- 
tween the sliding gear and its shaft. I have found that 
clearances in the best-running gears do not exceed 
0.0005. That clearance is easy to maintain and is more 
satisfactory than the same clearance in a cylindrical 
shaft, because the oil space in broken up by the splines 
and there is only a slight amount of sliding action. In 
the transmission of one of the best-known cars in 
England, the shafts are milled, and it is one of the 
best-running transmissions of which I know. 

The of tooth grinding is vital. Without low 
cost, the general adoption of the process will not be 
possible. My remarks on cost are based on actual ex 
perience in the cost of furnishing accurate gears; not 
ordinary cut-gears. Grinding is the cheapest way ot 
producing such gears, and I think that the time is not 
far off when we can produce ground gears very econom- 
ically. 

I endorse Mr. Tenney’s approval of form-grinding. 
Good work is done by generating machines, but I do 
not think it is possible to obtain both low cost and uni- 
formity of quality by the generating method so well as 
by the formed-wheel method. 


cost 


A FIELD FOR INVESTIGATION 


A. B. Cox’:—Mr. Orcutt’s statement that there are 
few reliable data as to tooth dimensions for high-duty 
gears suggests that it is strange that manufacturers 
have paid more attention to almost every other feature 
in the design of gearing than to tooth contact. A 
thorough investigation of this rather neglected field of 
research should pay large dividends in cheaper, quieter, 
stronger and longer-lived gears. 

In Fig. 6, has Mr. Orcutt considered the shafts and 
gear teeth as being formed of perfectly rigid, non- 
elastic materials with no lubricating films between 
teeth; or has he taken into account the oil-film com- 
pression and the deflection of the teeth—which is about 
0.001 in. on full-load torque—both of which tend to 
equalize the tooth pressure but not the tooth-breaking 
stress, when two pairs of teeth are sharing a load? Has 
he made his deduction for gears that are new or for 
gears that have run long enough to self-correct the 
tooth form in the manner described for Krupp Nitor- 
steel gears, by H. Hofer’? Shaft deflection tends to de- 
crease the average number of pairs of teeth in contact; 
first, by decreasing the effective working-depth of a 
tooth and, second, by increasing the effective pressure- 
angle. Taking into account this factor and that of 
manufacturing tolerance, it is likely that Mr. Orcutt 
has integral contact between the gears, in which case 
he will have the operating conditions that both Mr. 
Hofer and I° independently have found to be so highly 

3M. S. A. E—Consulting engineer, New York City. 

*See Zeitschrift des Verein Deutscher Ingenieure, Oct. 30, 
p. 1460. 

5See The American Machinist, May 24, 

® See Power, May 1, 1928, p. 761. 

™TJun. S. A. E.—Assistant equipment engineer, Department of 
Highways, State of Pennsylvania, Harrisburg 


8’M. S. A. E.—Manager, sales promotion department, Interna- 
tional Motor Co., New York City 


1926, 


1928, p. 848. 
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desirable in gearing. A report of the benefit of inte 
gral contact between high-speed gears has been give 
recently by I. Short’. 

Mr. OrcuTT:—In Fig. 6 only pure tooth-loads are | 
considered, as illustrated by the small diagram in th 
lower left-hand corner, and only new and accurately 
ground gears. | 

RALPH BAGGALEY, JR.’:—What is to prevent using 4 
finer pitch to get the required number of teeth in the 
pinion without increasing the center distance or th 
size of the gears? What is the smallest clearance that } 
can be used in a bronze spigot-bearing without danger } 
of seizure? 

Mr. ORCUTT:—The main fact in deciding on the piteh 
is the strength of the teeth. Good contact can be ob 
tained in small pitches, but there is danger that the 
tooth load will be too high. Clearance in the spigot} 
bearing depends on the diameter; about 0.0015 inj 
would be right for a medium-size spigot-bearing, but | 
the clearance should be more for a large bearing ani} 
might be less for a small one. 


ae NEN TINE Ne 


THE EFFECT OF BAFFLES | 


M. C. HoRINe*:—Has Mr. Orcutt had any experience | 
with beveling instead of rounding the teeth on the! 
engaging end? 

Do not baffles for reducing the noise of oil-churning 
involve additional power loss, and is there not a possi- 
bility of reducing the noise by designing the interior 
surface of the case for a smoother flow of oil? 
flowing oil will not produce a noise. 

What is Mr. Orecutt’s opinion as to the relative merit 
of shafts placed side by side or one over the other in 
relation to the oil-churning noise, and also as to the 
design in general? Is not the frame of the car, par 
ticularly in the case of a transmission mounted di- 
rectly on the frame, one of the greatest sounding 
boards? 


Kasily 


What objections has Mr. Tenney to generator gear- 
grinding, other than cost? 

Mr. OrcuTT:—I think there is no choice between 
beveling and rounding the ends of the teeth, but it is 
important. to make them so that the tooth surfaces will 
not be upset. It is also important, on fine-pitch gears 
or long-addendum gears, to prevent clashing on the 
points of the teeth. I do not know that we have tested 
the efficiency in connection with oil baffles. The ten 
dency is to use a thinner oil with good ground gears 
than we used when we thought something like mo 
lasses or sawdust was needed to deaden the sound. 
With such an oil, in not too great a quantity, I believe 
that baffling may increase the efficiency. 

I believe that a transmission with one shaft above 
the other is likely to be more quiet, but the side-by-side 
design is better for assembly, especially in large units. 

Mr. Tenney’s remark, that there is much about which 
we do not know, applies to Mr. Horine’s question about 
the relation of the frame to noise. I can see how the 
frame might transmit noises but not how it could pre 
duce any noise. 

Mr. TENNEY:—My objections to the modern get 
erating grinding-method are that the mechanism seems 
to be too delicate to control the weights and the forces 
within the degree of accuracy required, and that every 
generating-machine I have seen involves grinding along 
a long line on the side of the wheel, which seems t 
violate all the principles of good grinding. 
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At our first trial of it, the form grinding-machine 
showed itself to be a good grinder and to make good 
gears, because of the size, position, and bearing support 
of the wheel, and it has not failed since. The forming 
members operate the diamonds only; and the rest of 
the machine is simple, with brute strength rather than 
delicacy, something that has never been available in a 
grinder of the generating type. 

Mr. HoRINE:—I assume that you have been able to 
obtain good results with the generating type of grinder. 

Mr. TENNEY:—We have ground very good gears 
with this machine, but we could not produce good gears 
continuously. We tried for two years to get production 
from six generating-machines. They produced many 
good gears, but they required continual fighting against 
gear-tooth problems. After everything was adjusted, 
some change in the tension of the tape or in a bearing 
at the side of the wheel would upset the adjustment. 

Mr. HoRINE:—Our experience has been very differ- 
ent. We have had about four years’ experience with 
generating-machines of various types, including some 
of our own design. We are securing a very high degree 
of accuracy, such as we were never able to get from 
the form grinding-machine, and I am trying to find out 
whether the modern form grinding-machines will give 
equivalent results. 

Mr. TENNEY:—Form grinding-machines have under- 
gone the same improvements as cylindrical grinding 
during the last 10 or 12 years, while the fundamentals 
of generating-grinders seem not to have been changed. 


EFFICIENCY TESTS OF TRANSMISSIONS 


EARLE BUCKINGHAM’ :—I recently finished some tests 
of the churning losses in an automobile transmission. 
They seem to show a practically constant torque-load 
with a given oil at various speeds, so that the power 
loss is proportional to the speed. I had expected to 
find the torque load to increase with the speed. Most 
of the loss is due to the friction of the gears in passing 
through the oil. 

Our tests showed that the loss is less in a transmis- 
sion having the countershaft underneath. We made 
tests with the oil at different levels, the loss increasing 
at a fairly uniform rate until a sudden jump came 
when the level was such that the gears of the main 
shaft touched the oil. 

We tried light oils, heavy oils and no oil at all. 
There was much less difference in the results between 
light and heavy oils than I had anticipated; in fact, I 
believe that the loss was greater with very light than 
with medium oil. There was some evidence that the 
light oil flowed between the teeth and was thrown off; 
whereas the viscosity of the heavier oil, even at operat- 
ing temperatures, was sufficient to prevent it from 
flowing in between the teeth. 

JOSEPH A. ANGLADA™”:—Of course we all desire quiet 
transmissions; but, since we cannot obtain them at 
prices we are willing to pay, why not make them so 
that they will emit a pleasant noise? My experience 
indicates that noisy gears are not necessarily less effi- 


®°"M. S. A. E.—Associate professor of engineering standards and 
measurement, Massachusetts Institute of Technology, Cambridge, 
Mass. 

M.S. A. E.—President, Anglada Motor Corp., New York City. 

4% Motor superintendent, Anglo American Oil Co., Ltd., London, 
England; president, Institution of Automobile Engineers. 


2M.S. A. E.—Consulting and sales engineer, Brown-Lipe-Chapin 
Co., Syracuse, N. Y 
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cient than gears that are relatively silent. 
work been done along that line? 

Mr. BUCKINGHAM :—Efficiency tests have shown that 
losses seem to be almost directly proportional to noise, 
and the noise to be almost directly proportional to the 
inaccuracies. 

Mr. OrcuTT:—I do not know how a music-box trans- 
mission would take. 

Good ground-gears have been found, in tests by the 
National Physical Laboratory in London, to have an 
efficiency of 99.6 per cent. Poor tooth-forms may bring 
the efficiency down to 80 per cent or less, but good cut- 
gears are more highly efficient than we might expect. 

Mr. BUCKINGHAM :—The efficiency depends also upon 
the pitch. In some tests of fine-pitch gears, with speeds 
up to about 2000 f.p.m. and loads higher than the usual 
operating loads, cut gears with errors not exceeding 
0.0015 in. showed an efficiency of about 99.7 per cent. 
With 3-pitch cut-gears, having the same degree of accu- 
racy, the efficiency was a little less than 99 per cent. 
With 3-pitch ground-gears the efficiency was about 99.4 
per cent. The loss with 3-pitch gears seems to be about 
three times that with 10-pitch gears. 

Magsor E. G. E. BEAUMONT" :—My remarks are from 
the viewpoint of a user who has had the opportunity of 
observing the peculiarities of many different designs. 
The fleet with which I have to do includes commercial 
vehicles of about 45 different makes and motor-cars of 
at least 15 different makes, with 3000 vehicles operating. 

I have observed that with some chassis having all 
joints between the clutch and the rear axle made 
of metal, there has been much trouble in securing 
reasonably quiet running, but when one or more fabric 
joints have been substituted the trouble has almost 
entirely disappeared. Cases have come to my notice 
recently in which makers have tried without success to 
remove a difficult period from their engines, and flex- 
ible mounting of the engine by means of buffer springs 
of carefully calculated strength has removed the 
trouble. I think, therefore, that Mr. Orcutt has re- 
ferred to a desirable feature in mounting transmissions 
with a certain amount of relief. The elimination of 
rigidity has much to commend it. I have found in the 
operation of trucks that the rate of wear and the ap- 
pearance of stress in the transmission are much more 
marked with radius-rods and torque-arms without 
springs than when the Hotchkiss drive is employed. 

It is possible to have too fine a fit, too great a rigid- 
ity of design. Machines that have performed consider- 
able mileage in service settle down to the work and 
become quiet until they are brought into a repair shop 
and interfered with. As soon as new bearings are in- 
stalled and accumulated looseness is removed, the noise 
is unbearable. The lesson seems to be that some relief 
from rigidity is to be encouraged. 

CHAIRMAN D. D. OrmsBY”’:—The discussion of this 
paper has brought out three important facts: 

(1) We must make good gears, whether they are 
ground or not. 

(2) They must be mounted properly, with adequate 
bearings, to assure rigidity. 

(3) The car manufacturer and the user of transmis- 
sion gears must cooperate with the gear pro- 
ducer in the design of the transmission and its 
installation, as the making of quiet gears is a 


hard problem which must have the cooperation 
of all concerned. 


Has any 








Special Automotive Equipment 


of the Army 


By Masor LeAvEN H. CAmpsBE Li, JR.! 


WASHINGTON SEcTION PAPER 


URING the time which has elapsed since the 
armistic2, the leading military authorities of 
our Army have been giving serious study to 

methods and means of transportation for our armed 
War has become so largely a matter of the use 
of machines, and the expenditure of ammunition by all 
weapons has been so greatly increased, that the rate of 
movement of an army is practically set by its ability 
to move its equipment and supplies. 


forces. 


a most dependable agency of 
transport, does not possess 
either the power or the rate of 


speed desirable in a modern 
army. For these and other rea- 
sons, the trend of thought is 


more and more toward the use 
of motor-propelled vehicles of 
all types, and the purpose of 
this paper is to set forth briefly 
the development work that has 
been done by the Ordnance De- 
partment since the armistice 
toward carrying out the duties 
with which it is charged in the 
matter of developing vehicles 
which are adapted primarily to 
operate off the roads. 

In all its work the effort of 
the Ordnance Department is to 


Illustrated with PuHorocrapns 


All development and improvements are based largely 
upon the manufacture of units in quantity, with tests 
under every conceivable condition of operation. The 
commercial industry each year manufactures automo- 
tive vehicles by thousands and millions; the Ordnance 
Department builds single units when funds are avail- 
able. Since the armistice we have built, not manu- 
factured, a total of seven tanks. The engineer usually 
can evolve a good design; but, to gain that last few per 
cent that is so necessary to re- 
liability, we must build and 
test; build and refine; build and 
perfect. If at times we and our 
“customers” become discouraged 
and feel that our progress is 
slow, let us not forget that we 
are working “under wraps.” 

Such remarkable progress has 
been made during the last dec- 
ade, and is being made from year 
to year, in automotive design, 
that the engineer wonders at the 
retention of animal-drawn trans- 
portation in the Army. He feels 
that, with the enormous auto- 
motive production facilities in 
our Country, our Army should 
be in a most favored position. 


The horse, while 


Motori:ation or mechaniza- 
tion is cf greatest importance 
in the securing of mobility for 
the modern army. The paper 


by Major Campbell is of inter- 
est in setting forth what has 
been done toward that end, and 
his views, as expressed, may be 
taken as representing those of 


the Ordnance Department. 

It is a pleasure for me to 
take this opportunity of ex- 
pressing my personal appreci- 
ation for the unfailing help in 
our problems which has at all 
times been extended by the So- 





ciety and by the automotive in- 


produce what the using services dustry.—Major Gen. C. C. Wil- 


He knows that this is an age 
of motorization, or high-speed 








want. The designs are based ateie 2 
entirely upon the requirements 
of the “customer,” and the 


words “serviceability” and “re- 
liability” ever are uppermost in 
the minds of the officers in the Ordnance Department. 
Unfortunately, lack of funds has resulted in little 
opportunity for the using services to work with modern 
automotive equipment. Their ideas of performance 
and dependability are based largely upon familiarity 
with the vehicles of 1917, and it is not surprising if 
they look askance on the idea of motorization. Their 
yardstick of performance of motorized equipment is 
the old 6-ton tank and trucks of obsolete types. Trucks 
and tractors that give many miles of service with but 
a reasonable amount of upkeep and repair now are 
commercially available in large quantities. The mile- 
age life of special automotive vehicles such as the tank 
is being constantly increased. 
War 


automotive section, office of Chief of Ordnance, 


City of Washington. 


*Chief of 
Department, 

2S.M.S.A.E.—Chief of 
Washington 


Ordnance, War Department, City of 





transportation, and he firmly 
believes that he has built and 
will continue to build such re- 
liability and performance into 
his vehicles that the Army will 
motorize as business has done. 

We shall still use the horse, but 
steadily circumscribe his usefulness. 

The entry of the Ordnance Department into the field 
of automotive design dates from 1917. Shortly before 
then the artillery had tested a few commercial tractors; 
and a small number of armored cars, built on commer- 
cial truck chassis, had been produced experimentally 
for use with the cavalry. Let us see where we stand 
today. 


the motor will 


WAR-TIME TANKS AMERICANIZED 


At the time of our entry into the World War, the 
subject of tanks was an entirely new one to the Ord- 
nance Department, and our war-time designs were 
largely British and French designs adapted to our 
manufacturing standards. The tanks thus produced 
were the Mark VIII, one of which is shown in Fig. 1, 
and the 6-ton Renault, shown in Fig. 2. 
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The Mark VIII, of which 100 were completed after 
the armistice, weighs 40 tons and is driven by a modi- 
fied Liberty aircraft-engine at a speed of 5 m.p.h. A 
erew of 12 men operates the tank and mans two 6- 
pounder guns and seven machine-guns. The armor pro- 
tection is from 6 to 16 mm. (0.236 to 0.730 in.) thick. 
The great length of the vehicle gives it maximum ability 
in crossing trenches. Its size, however, makes it an 
easy target and decreases its mobility. Speed is obvi- 
ously one of the best protections a tank can have 
against hostile fire. The present trend of design is 
toward lighter and much faster tanks. 

The 6-ton Renault tank was produced in large num- 
bers in this Country for use in the World War. It falls 
short of meeting the requirements for a light tank, for 
it is mechanically unreliable and its speed is only 6 
m.p.h. The crew, protected by armor that varies in 
thickness from 0.25 to 0.60 in., is composed of a driver 
and a gunner. The armament, either a 37-mm. (1.457- 
in.) gun or a caliber-0.30 machine-gun, is mounted in 
a turret that has a 360-deg. traverse. 

The Ford two-man tank, shown in Fig. 3, represents 
one of many attempts that the Ordnance Department 
made during the war to collaborate with commercial 
industry in the production of tanks. A few of these 
were built during the war, but the armistice was de- 
clared before quantity production was inaugurated. 

The experience with these tanks of three types em- 
phasizes the fact that mechanical reliability results 
only from designs that have been carefully thought out 
and perfected later, after tests. Each of these tanks 
is a remarkably good product, when we consider that 
it was designed during the stress and hurry of war, 
and that little or no development and test: work were 
done before quantity production was begun. 

After the armistice, General Pershing appointed a 
board of officers, now known as the Caliber Board, for 
the purpose of recommending ideal types of Army ord- 
nance equipment on which development work should 
proceed. One of the recommendations of the board was 
for the development of a medium-weight high-speed 
tank. 

The 23-ton tank, Model T1, shown in Fig. 4, which 
is now undergoing test by the Tank Board, is the third 
of this type built and incorporates the improvements 
found necessary in the tests of the first two. The 


SPECIAL ARMY AUTOMOTIVE EQUIPMENT 





Fig. 2—RENAULT DESIGN 6-TON TANK 


speed is 12 m.p.h.; the armor is 1 in. thick over the 
fighting compartment; and the armament is one 6- 
pounder gun and one caliber-0.30 machine-gun in the 
lower turret, with one caliber-0.30 machine-gun in the 
upper turret. The crew consists of a driver, a gunner, 
a loader, and a tank commander, who also fires the 
upper machine-gun. This tank is mechanically good 
and appears to be well received by the Tank Corps. 

We feel, however, that we can produce a tank of 12 to 
15-ton weight having equal or greater fire power. 
This vehicle would be much “quicker on its feet” and 
would present a much smaller target. Trench-crossing 
ability is a function of length; but more length means 
more weight, and more weight means more engine 
power; which calls for a repetition of the vicious cycle, 
beginning again with more weight. It is obviously im- 
possible to armor against all calibers of guns unless 
we build “land battleships,” such as may make their 
appearance in any protracted situation of stabilized 
combat, which might conceivably carry large numbers 
of machine-gunners to occupy the ground gained. Thus, 
all design is of necessity a compromise of factors de- 
sirable and undesirable. We feel that we should con- 
stantly strive for speed and fire power, with the maxi- 
mum armor protection consistent with reasonable 
weight. 

The most interesting tank we have is the light tank 
T1E1, shown in Fig. 5. An exverimental model has 
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Fic. 3—WaAR-TIME ForD TANK 


been completed and given an extensive test of 1500 
miles. Such a distance represents a long war. Its 
remarkable mechanical performance has resulted in an 
enthusiastic reception of the “job.” Its fire power is 
the maximum obtainable in a vehicle of that weight. 
The rated speed is 18 m.p.h., and the cruising radius 
on the gasoline carried is 80 miles. Gradients of 45 
deg. have been ascended. (See Fig. 6.) The crew, con- 
sisting of a driver and a gunner, is protected against 
the service-rifle bullet at all ranges. In the all-round- 
fire turret are mounted both a 37-mm. (1.457-in.) gun 
and a caliber-0.30 machine-gun, with a fully adequate 
supply of ammunition. The mount for the guns pro- 
vides for a limited traverse independent of the turret 
traverse, and for ample depression and elevation. The 
fighting compartment is completely ventilated; the first 
time such comfort has been provided for the personnel. 
The mechanical control and operation are of the sim- 
plest. The commercial Cunningham engine provides 
ample power for any kind of terrain. The speed of 
tanks over rough ground depends largely on the ability 
of the crew to stand punishment. 

Four more tanks of this model, incorporating 
changes found desirable, have just been completed for 





Fic. 4—Post-WAR 23-Ton TANK Tl 


The Plumb-Bob Shows the Angle. Help Was Required by the 
Tank in Crossing This Trench 
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the Ordnance Department by James Cunningham, Son 
& Co., of Rochester, N. Y., and are now undergoing 
test by the Service so that we may have the advantage 
of suggestions and helpful criticism in this develop. 
ment. In the test of these vehicles, held at the plant, 
the performance exceeded our highest expectations. 

The type of suspension designed for this tank by our 
chief automotive engineer, H. A. Knox, represents a 
decided forward step, in that practically all of the re- 
bound from operating over rough ground is eliminated, 
The importance of this feature as affecting the ac- 
curacy of fire from the tank is obvious. The design of 
track eliminates much of the objectionable noise met 
with in high-speed track-laying vehicles. The vehicles 
are rugged and simple throughout, and tests to date 
indicate that maintenance will present but a_ small 
problem. As soon as funds can be secured, at least a 
battalion of 72 of these light tanks should be placed in 
the service for tactical tests; as, obviously, much will 
have to be worked out in the correct employment of 
these high-speed, high-fire-power little machines. 

One of the most interesting features in the design 
of the light tank T1E1 is that it is built on a basic all- 
purpose chassis that may be likened to an automobile 
chassis on which can be mounted several different 
styles of body. One of the service demands that has 
been most perplexing to us is that for a cargo carrier 
to follow the tanks with oil, gas, water, spare parts, 
tools and the like. It was to meet this very real re- 
quirement, and to hold to the minimum the number of 
special vehicles to be produced in war, that the all- 
purpose chassis was evolved. 

CHASSIS ADAPTABLE TO CARGO CARRYING 

Fig. 7 shows the chassis with tank superstructure 
replaced by a cargo body of from 2 to 3-ton capacity. 
This body may be of a wide variety of types. We have 
in mind a platform body for mounting large wire-reels 
for the Signal Corps, a similar body to carry a balloon- 
winch for the Air Corps, a stake body for engineer 
equipment, a tank body for water and gasoline, a light 
armored body for carrying personnel, and other types. 
As a light, fast tractor for loads up to 6 tons, this unit 
is without a peer today. The chassis is truly an all- 
purpose one, and it is a good production design with a 
greatly simplified maintenance as regards spare and 
replacement parts for the field. Even so, it represents 
only a good start. Much remains to be done to perfect 
the vehicle, and we need not only funds but the test of 
service use of a number of these tanks. 

One of our dreams of several years’ standing, in 
which the British have “scooped” us, is the design of 
a light, fast and small armored conveyance for getting 
an individual over a fire-swept zone with some pro- 
tection other than his skin, and having a machine-gun, 
which is the means for maximum fire-power. This 
conveyance, call it tank or whatever you will, will carry 
but one man, who will drive with his feet and thus 
have his hands free to operate the gun. If he should 
wish to leave the vehicle, a pull on a pin releases the 
machine-gun, which he then can set up on its tripod. 
This little tank will present only a small target, its 
speed will be high, and we shall at last have a highly 
mobile armored machine-gun. 

If we are successful in working out a satisfactory 
light-weight suspension and track for such a vehicle, 
it is very probable that the same chassis can be used 
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also as an infantry carrier. After a tank attack has 
gained ground to the front, it is of course necessary, 
in order to hold the ground, to occupy it with machine- 
gunners and automatic-rifle men. These little carriers 
will conceivably carry three or four men, with their 
machine-guns and ammunition, and will move forward 
rapidly to the line with the personnel protected by light 
armor-plate. 

We may expect war-time losses in tanks to be high; 
but, if a wise policy has given us enough of these ma- 
chines, they will accomplish their mission. It is possi- 
ble that the losses may not be so great, for the Chemical 
Warfare Service has recently evolved a smoke-producing 
apparatus for the tanks which may find favor with the 
infantry. The use of tanks will enormously reduce 
pattle losses, and their early and continued employment 
will assure a war of movement to the side that has 
them in quantities. 


CROSS-COUNTRY VEHICLES 


Our first efforts to produce a fast vehicle for recon- 
naissance work resulted in a Ford car with two addi- 
tional dead axles and a fabric-belt track over and around 
all wheels. It would cross almost anything, but its life 
was woefully short, due to additional tractive resist- 
ance. We also tried several special designs of our own 
with but indifferent success. 

The latest type of cross-country car is a standard 
Chevrolet or Ford chassis’, equipped with oversize bal- 
loon tires and light bucket seats. Some of us feel that 
the car has become too heavy for best results, and it is 
in our minds to try to bring the weight down nearer to 
that of the original car which we produced in 1923. 

The purposes of the light cross-country car are 
partly to supplement the motorcycle, to carry recon- 
naissance parties, and to supplement the horse and re- 
place him where possible. A small box or a wire reel 
can be substituted for the rear seats. The performance 
of the cars across country and soft ground is excellent, 
and their reliability needs no comment. 





%See THE JOURNAL, July, 1928, p. 98. 
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Fic. 6—T1E1 TANK oN A 45-PER CENT GRADE 


Among the cross-country cargo-carriers are several 
different types of vehicle: trucks, trailers, self-propelled 
cargo-carriers, and power carts. 

The ability of any vehicle to move over soft ground 
is primarily a function of unit ground-pressure and 
varies inversely therewith. Other factors, such as 
ground clearance and gear reduction, enter, but unit 
ground-pressure is paramount. 

The standard Chevrolet 1-ton truck has been equipped 
with balloon tires and an extra driven-axle, with the 
idea of lessening the unit ground-pressure and increas- 
ing “mud ability.” The additional axle adds but little 
complication of design and delay in production. The 
body is of our own design, and comfortably seats five 
men on each side or carries a load up to the rated ca- 
pacity of the chassis. One of these trucks is seen in 
Fig. 8. 

For cross-country work a light truck is much better 
than a heavy one, because a squad of men can extricate 
it fairly easily if necessary. Heavy trucks that must 
stick to the roads can operate to “truck heads,” as 
trains operate to rail heads, from which the light trucks 
or track-laying cargo-carriers can operate. 

It should be accepted as axiomatic 
that no round-wheel vehicle is equal 
to one of the track-laying type in ne- 
gotiating bad going; the round 
wheeler, on the other hand, is much 
more mobile on roads and hard 
ground, its mileage life is much 
greater, and the maintenance prob- 
lem is far simpler. It is known that 
the truck is more of a “fair-weather 
sailor” than the track machine, but 
only by a service test under field con- 
ditions can the Army determine the 
proper uses of each in our organiza- 
tion. 

Several different types of track 
adapter for use on heavy trucks have 
been tested at our proving ground 
within the last six years. A typical 
example of these is the 5-ton Mack 
truck with its rear wheels replaced by 
a Christie track-mechanism. For- 
getting for the moment the relatively 
short life of any adapter so far tested 
by us at speeds considered necessary 
by the Army, the important and in- 
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surmountable fact remains that the truck is designed 
to drive a round wheel, not a track mechanism with its 
greatly increased tractive-resistance. In other words, 
to drive a track-laying machine, the engine and power- 
transmission units must be built for that purpose, or 
failure results. 

I believe we have overlooked nothing in our efforts to 
test all promising ideas, whether presented in this 
Country or abroad. Adapters with steel tracks, wire 
tracks, fabric tracks, and rubber tracks have had a full 
and impartial trial. 

Several types of track-laying trailer have been built 
and tested, but the trend is decidedly toward the 
wheeled vehicle. The complications of a track mechan- 
ism and its limited road mobility outweigh its advan- 
tages for cross-country operation. Probably the ideal 
trailer has wheels and a smooth underbody for sledding 
in deep mud. If it is towed by a tractor of proper 
power, it will perform up to any reasonable expectation 
or demand. Many excellent wheeled-trailers are avail- 
able in the commercial market. 
modifications they will meet adequately the severe re- 
quirements of the military service. 

A few self-propelled track-laying cargo-carriers have 
been built and tested. Though underpowered, they were 
fairly successful and served to prove the entire practi- 
cability of the idea. The light cargo-carrier on the 
all-purpose light-tank chassis will, we feel, fully meet 
the requirements for this class of transport. 

In our next design of a medium tank, we shall try to 
provide a chassis for the carrying of greater loads, 
probably 6 to 7 tons. This heavier vehicle will have an 
equally wide range of useful service as the light cargo- 
carrier. 

The Caliber Board evolved the idea of a light-weight 
power-driven cart, able to operate over soft ground, to 
have a pay-load rating of 450 lb. Several were built, of 
the track-laying type, but the exacting limitations in 
weight to permit “manhandling” made it impossible to 
build the necessary mileage-life into them. Next came 
a four-wheel-drive balloon-tired cart, driven by an air- 
cooled motorcycle-engine at a speed of 414 m.p.h. Ar- 
ticulation between the front and rear axles allows all 
the wheels to follow inequalities of the ground and 
gives excellent tractive ability. Steering is done by 
varying the angle between the two axles. While the 
performance of this model has been fairly satisfactory, 
the thought is now that we should endeavor to develop 
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Fic. 8—CHEVROLET 1-ToN TRUCK REMODELED 
WHEELS 
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a light armored track-laying vehicle capable of trans- 
porting three men, with a Browning machine-gun and 
necessary ammunition, for advancing across fire-swept 
areas. Such a vehicle will no doubt be far more effec- 
tive in reducing battle losses than the wheeled power- 
cart just described. 


TRACTORS OF COMMERCIAL MANUFACTURE ARE BEST 


As is rather generally known, the Ordnance Depart- 
ment, working in collaboration with a commercial 
manufacturer during the war, designed the 5 and 10- 
ton tractors, Model 1917, of which large numbers were 
built for towing Corps and Army artillery, respectively. 
It is of particular interest to know that, even though 


ee 


a 


the 5-ton tractor was designed and built in only seven | 


weeks, none of the vehicles reached France until the 
summer of 1918. 
to quantity production is a long step. 


From the building of a pilot model | 


The Caliber Board recommended the development of | 


fast tractors for the Division, the Corps and the Army. 
During the three years following the armistice, satis- 
factory types for each were developed and the drawings 
are available. 

In connection with the design of special vehicles, the 
Army always is faced with the problem of keeping them 
uptodate. Funds for this are seldom, if ever, available, 
and therefore our machines become obsolete in me- 
chanical type and in performance. The delay of putting 
any sizeable mechanical construction into quantity pro- 
duction requires little elaboration here. With these 
facts and the heart-breaking production experience of 
the World War in mind, the wise policy has been 
adopted of depending upon the commercial industry for 
the supply of tractors for the Army. While these trac- 
tors are not in all respects ideal for military uses, com- 
petition assures that they always represent the latest 
in the automotive art. In time of emergency, factory 
production can be augmented to meet our schedule of 
requirements. Each year, as funds make it possible, the 
department tests a few tractors so that we can keep 
fully informed as to available and suitable types. This 
applies to both track-laying vehicles and wheeled ve 
hicles such as the Fordson, McCormick-Deering, and 
Topp-Stewart. 

Various track adapters and “trick” wheels have been 
tried out with wheeled tractors. A test has been made 
also of at least one foreign-made tractor. In addition, 
tractors are being brought to our attention constantly 
that are found to be unsuited to our service and which 
therefore do not reach our proving ground. 

Our standard tractors are now the Caterpillar 2-ton, 
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the Caterpillar 20, the 5-ton Caterpillar 30, and the 10- 
ton Caterpillar 60. Under military service-conditions, 
each of the tractors will satisfactorily handle loads 
equal to its own weight. They can also be double- 
headed. The rate of march is about 4 m.p.h., but it 
can be increased to 8 m.p.h. by substituting high-speed 
gears. Such speeding-up of units not especially de- 
signed for high speed results in materially shorter 
mileage-life. 
MOTOR CARRIAGES FOR GUNS 


A motor carriage is, in effect, a high-speed track- 
laying tractor that mounts a gun or howitzer for trans- 
port and firing. Highly satisfactory types have been 
brought out for Division, Corps and Army use; but this 
line of endeavor is now lying dormant, largely because 
of lack of funds. We feel, however, that the motor 
carriage has a future and that some day it will come 
into its own. The thought of moving a Division gun 
across country at 15 m.p.h. or a Corps or Army gun at 
10 m.p.h., and emplacing any one of them in less time 
than it takes to determine the firing data, is most al- 
luring. 

Of particular interest is the Division motor-carriage, 
shown in Fig. 9, mounting the 75-mm. (2.953-in.) 
gun. The motive power is a Cadillac motor-car engine, 
which gives a high speed of 15 m.p.h. In putting the 
vehicle into firing position, the brakes are set, the out- 
riggers or struts at the rear are lowered to the ground 
quickly by pulling a pin, and the mount is ready. This 
unit, provided with suitable armored shields, is of use 
as an accompanying gun in an advance and also pro- 
vides a highly mobile unit as an artillery reserve. 

In spite of all of the old arguments, such as that the 
gun is useless if the tractor breaks down and the trac- 
tor stands idle while the gun is in place, I dare the 
prediction that the motor carriage eventually will have 
its place in our organization. Ammunition will be 
supplied by the light cross-country cargo-carriers oper- 
ating at the speed of the motor carriage. 

A committee of eminent engineers of the Society of 
Automotive Engineers has, since 1919, been of inesti- 
mable value to us. All of our automotive projects have 
been submitted to its members at biannual meetings, 
held usually at some great plant of the industry. We 
have received constructive criticism and helpful advice, 
and have been given access to the latest developments 
in the art. We give grateful acknowledgment to this 
group of patriotic citizens who serve us entirely with- 
out remuneration. It is a pleasure to list the names of 
the following well-known members of the Society who 
have served us on this committee: H. W. Alden, B. B. 
Bachman, W. L. Batt, David Beecroft, C. F. Clarkson, 
G. W. Dunham, George A. Green, A. W. Herrington, P. 
E. Holt, C. F. Kettering, A. F. Masury, Dent Parrett, 
D. G. Roos, G. A. Round, William Turnbull, W. G. Wall, 
and the late C. M. Manly. We have been fortunate also 
in the type of the automotive engineers who came into 
our service during the war, some of the best of whom 
have remained. 

No one can fail to realize that we are in an age of 
mechanical transportation. All commercial industry is 
adopting motor transport in ever-increasing proportion. 
Our reports from abroad indicate that other armies are 
tending much more strongly than we toward motoriza- 





tion. This Country possesses an automotive industry 
greater by far than that of all the rest of the world 
combined, and our Army must and will take full ad- 
vantage of our favored position. 


MOTORIZATION WILL INVOLVE REORGANIZATION 


The Ordnance Department and various Service boards 
have made complete mechanical and performance-tests 
of many motor-vehicles. As new models come out, they 
will be similarly tested. Enough data have been ac- 
cumulated, and it is now in order to take the logical 
next step. Motorization, or mechanization, as we call 
it, involves much more than merely putting a tractor 
in the place of a team of mules, or a truck in place of 
an escort wagon. It involves working out an organiza- 
tion built around motor transport; an organization 
that has great mobility; an organization that has fewer 
men. Mass is the foe of mobility. In short, we shall 
be obliged eventually to work out a complete reorgan- 
ization based upon modern transportation-methods, in 
order to fully realize their advantages. 

Further mechanical tests of one or two machines 
will serve no such purpose; motorization now is a prob- 
lem for the combatant branches. With this end in 
view, the Secretary of War ordered the assembly of a 
small force of all arms, equipped entirely with motor 
transportation, at Fort Leonard Wood, Maryland, 
during the summer of this year. The unfortunate fact 
that much of the equipment is of war-time design will 
preclude obtaining a correct picture of the capabilities 
of such a force equipped with modern vehicles. How- 
ever, it is a start in the direction of working out 
suitable tactics for the employment of a motorized 
force in its proper relation to the organization of the 
Army; and, when funds are available for the acquire- 
ment of new equipment, the full possibilities of such a 
force will become apparent. 

The vehicles described in this article represent types 
only. In every case the laborious work of reaching 
production remains for the future. Financial consid- 
erations make it impossible, in time of peace, to manu- 
facture and store large quantities of such equipment, 
as it would soon become obsolete. What we hope, how- 
ever, is that funds will be made available so that ex- 
perimental and development work can continue, to 
enable us to keep abreast of the art. 
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Automobile Practice in Europe 


By Maurice Puatt! 
Y 


Semi-ANNUAL MEETING PAPER 








UROPEAN trends in some of the major features 

of engine, chassis and body design and in several 
items of equipment are reviewed in this paper; which 
is based on the observation and analysis of the British 
engineer editor who is its author, and of the staff of 
The Motor, of London, during the last five years. 

Although American automotive engineers who fol- 
low European practice are acquainted with most of 
the designs here shown and described briefly, this 
paper is of interest and value as showing the present 
principal lines along which development is taking 
place abroad. 

Popular chassis types are divided into three classes: 
(a) the “baby” four-cylinder car of 7 to 9 hp., Royal 
Automobile Club rating; (b) the “family-type” four- 
eylinder car of 12 to 14-hp. rating; and (c) the light 


N projecting this paper the somewhat ambitious aim 
was to present a broad view of automobile practice 
in Europe as it exists today, with an indication of 

the trends which design is following and whither they 
may lead. It was felt that within the compass of a 
relatively short paper sufficient could be included to 
give the American engineer some sort of general pic- 
ture of European practice, as viewed through the eyes 
of a technical journalist having an engineer’s training. 
There are bound to be omissions, but an endeavor has 
been made to base the selection on what is likely to be 
of most interest to the American engineer. Conse- 
quently it is hoped that this paper, despite its limita- 
tions, will serve a useful purpose in presenting a col- 
lection of current facts, opinions and data which 
ordinarily are only to be found scattered through the 
motoring and engineering journals or the proceedings 
of European bodies such as the Institution of Automo- 
bile Engineers. 

The paper is divided into four sections: (1) Popular 
Chassis Types Classified, with particulars of design and 
performance; (2) Principal Trends in Chassis Design, 
illustrated by graphs plotted from annual analyses ex- 
tending over five years; (3) Developments in Body- 
Work and Equipment; and (4) Chassis Changes in 
Prospect, not yet generally adopted. 


1—POPULAR CHASSIS TYPES CLASSIFIED 


In taking a broad view of European car design the 
American engineer should keep in mind the fact that 
only a relatively few concerns such as Morris, Austin, 
Citroen, Renault and Fiat are manufacturing cars at 
a rate of 1000 per week and upward and employ quan- 
tity-production methods. A large number of other 
concerns that are making automobiles in smaller quan- 
tities exist mainly because there is always a market 
for a car that is different, and in certain ways better, 


Chief technical editorial representative, The Motor. London, 
England. 
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six-cylinder car of 15 to 20-hp. rating. Typica! accel- 
eration curves for well-known cars in each of these 
classes are given, as well as cylinder dimensions, vol- 
umetric capacity, car weight and price. Other promi- 
nent car types of the larger size are dealt with in a 
similar way. 

By means of graphs and tables, the trends over the 
last five years are shown in number of engine cylin- 
ders, valve arrangement, ignition, cooling, braking 
systems, transmissions, drive, spring suspension and 
wheels. Major new developments include front-wheel 
drive, independently sprung wheels, free-wheels and 
supercharging. 

Trends in body design are indicated in regard to 
fabric bodies, three-point support, convertible bodies, 
and ways of securing a close-to-the-road appearance. 


than its lower-priced competitors. These smaller con- 
cerns are better able than are the mass producers to 
alter their products at frequent intervals to keep pace 
with the latest fashions and theories. From them first 
come cars with novel features, such as superchargers, 
front-wheel drives, and free-wheel transmissions, as 
described in the fourth section of this paper. Through 
them considerable impetus is given to mechanical de- 
velopments and changes in body-work fashions. 

Another factor having a pronounced influence upon 
European design is the heavy taxation on automobiles, 
based on rated horsepower, fuel consumption, or both. 
This has led to the very thorough development of small 
four-cylinder cars, designed for economy in running, 
which have no counterpart in America. During the 
last few years, however, there has been a rapidly grow- 
ing market for medium-priced six-cylinder cars; but 
here again the need for economy in running and a low 
tax has resulted in the development of relatively small 
engines having a high power-output from a given cylin- 
der-capacity. Approximately 52 b.hp. is the output 
often extracted from a 2'%-liter (152.55-cu. in.) 
nowadays. 

In obtaining a high power-output per liter (61.02 cu. 
in.) capacity—about 20 b.hp. for private passenger-car 
engines—the European designer is assisted by the ex- 
cellence of the fuel generally available. By using over- 
head valves and machined combustion-chambers of small 
size, he can employ a high compression-ratio and high 
mean-effective-pressure. It is a great mistake to sup- 
pose that there is a wide discrepancy in the average 
engine-speeds employed in Europe and America. Last 
year the author analyzed the specifications of 75 well- 
known popular cars, selecting 25 each of American, 
British and Continental manufacture. The results are 
given in Table 1, from which it will be seen that, by 
chance, the engine speeds are identical for American 
and Continental cars, while the British engine-speed is 
about 7 per cent higher. 
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European cars that are achieving the largest sales 
(a) the 


fall into three main types: 
ear of 7-9 rated 
hp., (b) the “fam- 


“baby” four-cylinder 
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tific term but one, nevertheless, that is self-explanatory. 


The performance of these and other types of Euro- 





a Fee 
ily-type” four-cyl- 


inder car of 12-14 
hp., and (c) the 
light six-cylinder 
ear of 15-20 hp. 
Leading particu- 
lars of these are 
given in Table 2, 
in which the cruis- 
ing speed is that 
which can be main- 
tained in comfort 
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which are shown 
acceleration curves 
for certain well- 
known makes. 
These curves have 
been plotted in 
speed against time 
from figures  ob- 
tained by members 
of the editorial 
staff of The Motor 
when road-testing 
these cars, and are 
all of recent date. 
Prior to carrying 
out the tests, the 
speedometer of the 
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FIG. 1—ACCELERATION CURVES FOR TYPICAL BRITISH AND CONTINENTAL CARS 


(Top) From a Typical High-Grade 
Bentley. 


Capacity, 4398 Ce. (268.367 Cu. In.). 


as Tested, 35 Cwt. (3920 Lb.). Price, 


Cylinder Dimensions, 100 x 140 Mm. (3.937 x 5.512 In.). 


Sports Car, the Four-Cylinder British 
Volumetric 
Horsepower, R.A.C. Rating 24.8. Weight, 


£1,250 ($6,100). The Curves Are for 


Acceleration on a Dry Concrete Road 


(Upper Left) From Typical ‘“Baby’’ 

Italian Fiat Saloon Cylinder Dimensions, 57 x 97 Mm. (2.244 x 

3.819 In.). Volumetric Capacity, 990 Cc. (60.41 Cu. In.). Horse- 

Power, R.A.C. Rating, 8. Weight, as Tested, 19%, Cwt, (2184 

Lb.). Price, £225 ($1,098). The Curves Are for Acceleration on 
a Dry Concrete Road 


Four-Cylinder Car, the 9-Hp. 


(Lower Left) From a Typical Light-Six Car, the British Morris 
Saloon. Cylinder Dimensions, 69 x 110 Mm. (2.716 x 4.331 In.). 
Volumetric Capacity, 2468 Ce. (150.60 Cu. In.). Horsepower, 
R.A.C. Rating, 17.7. Weight, as Tested, 31 Cwt. (3472 Lb.). 
Price, £395 ($1,927.60). The Curves Are for 
Dry Macadam Road 


Acceleration on a 


(Upper Right) From Typical “Family-Type” 

the British Singer-Senior Fabric Saloon. 

69 x 105 Mm. (2.716 x 4.134 In.). Volumetric Capacity, 1571 Ce. 

(95.86 Cu. In.). Horsepower, R.A.C. Rating, 11.9. Weight, as 

Tested, 24%, Cwt. (2744 Lb.). Price, £250 ($1,220). The Curve 
Is for Acceleration on a Wet Tarmac Road 


Four-Cylinder Car, 
Cylinder Dimensions, 


(Lower Right) Comparative Acceleration Curves from British 
Austin Four and Six-Cylinder Models, Typical of the Improved 
Performance Being Obtained by Many Makers Who Are Replacing 
a Four-Cylinder Engine by a Slightly Larger Six in the Same 
Chassis. Details of the Two Cars Are Given in the Text. The 
Curves Are for Acceleration on a Dry Concrete Road 
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Fic. 2—EXAMPLES OF BRITISH FOUR AND SIX-CYLINDER ENGINES 


(Left) “Baby” Four-Cylinder-Engine 
the Austin “Seven’’ Small Car, 
Empty, in the Oven Model. 

(2.205 x 2.992 In.). Volumetric Capacity, 747 Cc 


Unit of 
(952 Lb.), 
Mm. 
(45.58 Cu. In.) 


and Transmission 
Which Weighs 8% Cwt 


Cylinder Dimensions, 56 x 76 


car is always checked at various speeds over a measured 
distance, and allowance for speedometer errors has been 
made in plotting the results. The graphs therefore 
show actual speeds, not speedometer readings. 


“BABY” FOUR-CYLINDER CARS 


These diminutive cars with four-cylinder engines are 
exemplified by well-known makes, such as the Austin 
7-hp., the Peugeot 9-hp., and the Fiat. They owe their 
popularity to low costs of purchase, tax and upkeep; 


TABLE 1—COMPARATIVE ENGINE-SPEEDS 


Average Average Calculated 
Axle- Tire Engine-Speed 
Ratio Diameter, at 20 M.P.H., 
Place of Origin In. R.P.M. 
Great Britain 4.85 to 1 2940 1,105 
America 4.78 tol 31 1,030 
Continent 4.68 to 1 30% 1,030 
Note.—Figures in this table were obtained by averaging the 
specifications of 25 popular cars each of American, British and 
Continental make. Exceptional cars, such as the Model-T Ford, 


with its axie ratio of 3.63 to 1, were not taken into account. 


the facility with which they can be 
driven or parked in towns, owing to 
their compact over-all dimensions; 
and to ease of maintenance, for the 
European owner-driver still does a 
great deal of maintenance work him- 
self. Accommodation for four per- 
sons is almost invariably provided, 
although the space available for two 
of them may be cramped. Saloon and 
open bodies are roughly equal in popu- 
larity, and the equipment is almost as 
complete as that of large cars. It is 
of interest to note how extraordi- 
narily durable these small chassis 
prove in hard service. The engine is 
usually of the side-by-side poppet- 
valve type, with a two-bearing crank- 
shaft, and the transmission follows 


i ° A arance. 
orthodox lines, usually with three for- ~“??°**"*"°° 


(Right) New 


2-Liter Six-Cylinder Rover Engine, an Excellent 
Example of Clean Design. Weight of the Rover Fabric-Saloon 
Model, 25 Cwt. (2800 Lb.), Empty. Cylinder Dimensions, 65 x 
101.6 Mm. (2.559 x 3.979 In.). Capacity, 2033 Ce. (123.44 Cu. In.) 


ward speeds. As an example of the type, the Austin 
Seven engine and transmission unit is shown in Fig. 2; 
the capacity is 747 cc. (45.58 cu. in.) and the cylinder 
dimensions 56 x 76 mm. (2.20 x 2.99 in.). 

The acceleration curves given in Fig. 1 for the 9-hp. 
Fiat saloon are typical for this class. The engine speed 
of the Fiat corresponding to 32 m.p.h. on second gear 
is nearly 5000 r.p.m., which is well beyond the peak of 
the power curve. 


“FAMILY-TYPE” FOUR-CYLINDER CARS 


The term “family-type” is used for want of a better 
term to describe the type of 12-14-hp.-rating four-cylin- 
der car which is bought in great numbers in England 
by men of moderate means, earning about £500 ($2,440) 
per year. The saloon-car price of the more popular 
makes of this class on the British market is from £200 
to £250 ($976 to $1,220), but there are also plenty of ex- 
amples in the £300 ($1,464) class that compete on a 
basis of better workmanship and durability, distinctive 
appearance and so forth. 





Fig. 3—TYPICAL HIGH-POWERED OPEN CAR POPULAR AMONG SPORTING OWNER 


DRIVERS 


Bentley 4%-Liter (274.59-Cu. In.) Sports-Model, Designed To Have a Low, Speedy 
With a Horsepower Rating of 24.8, This Has a Maximum Speed of 


90 M.P.H. and Sells for £1,250 ($6,100) 
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The 12-14-hp. four-cylinder engine may have side-by- 
side or overhead valves, according to make and price; 
a three-bearing crankshaft; and magneto ignition. A 
three-speed transmission is provided in the car of the 
$200 type, but for the more expensive models four for- 
ward speeds are commonly employed. Other particu- 
lars are given in Table 2. 

An acceleration curve that is typical of this type of 
four-cylinder car is that in Fig. 1 for the Singer Senior- 
Model fabric saloon. This car is fitted with an overhead- 
valve engine. Acceleration figures for the middle gear 
of the three-speed transmission were not taken, but the 
maximum speed on this ratio, 8.44 to 1, is 32 m.p.h. 


LIGHT SIX-CYLINDER CARS 


Quantity production of light six-cylinder cars rated 
at 15 to 20 hp. and selling at moderate prices is a com- 
paratively recent development in Europe, but virtually 
all the leading makers now are turning out cars of this 
class. Broadly speaking, the aim in producing these 
sixes is not to evolve a car with a greater carrying 
capacity but one which, while of much the same size as 
the 14-hp. four-cylinder type, is smoother, more flexible, 
and capable of better acceleration and higher maximum- 
speed. In many cases a factory is using the same 
chassis and range of bodies for both a 14-hp. four- 
cylinder model and a 16-hp. light six. An excellent 
example is found in the Austin, for which high-gear 
acceleration curves are given in Fig. 1 for the 13-hp. 
four and the 16-hp. six, the chassis of which are almost 
identical except for the engines. 

The comparison is not altogether fair to the six, as 
the model tested was a saloon, whereas the other was a 
“tourer.” The top-gear ratio is the same for each— 
5.18 to l1—and other particulars are as follows: 

Bore Stroke Rating Capacity Weight 
Mm. (In.) Mm. (In.) Hp. Cc. (Cu.In.) Cwt.( Lb. ) 
Four-Cylinder 
114.5 (4.50) 12.8 1,861 (103.55) 
Six-Cylinder 
65.5 (2.76) 111 (4.388) 15.9 2,249 (187.23) 27 (3,024) 
In addition to these 16-hp. six-cylinder cars that have 
grown from four-cylinder models, there are many which 
represent new designs throughout. Here again the 
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chassis and body dimensions do not differ very widely 
from those of previous 14-hp. four-cylinder cars of the 
same make. Most of these light six-cylinder engines 
come within capacity limits of 2000 and 2500 cc. (122.00 
and 152.55 cu. in.) but the extreme limits of the class 
are 1% and 3 liters (91.53 and 183.06 cu. in.). Over- 
head valves are the most popular, operated either by an 
overhead camshaft or push-rods, and the four-bearing 
and seven-bearing types of crankshaft are about equal 
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Fic. 5—WHATMOUGH AUTOMATIC CONTROL OF INLET-AIR 
TEMPERATURE 
This Experimental Device Is Designed To Overcome Trouble with 
the Mixture-Distribution System on New Six-Cylinder Engines. 
It Fits the Carbureter Inlet and Has an Open End for Admission 
of Cool Air and, on the Left, a Branch To Admit Hot Air from a 
Stove around the Exhaust Pipe. 30th Branches Are Provided 
with Butterfly Valves, Connected with a Thermostat Which Regu- 
lates the Valve Openings Automatically According to the Temper- 
ature of the Air Passing Around It. A Temperature of 100 Deg. 
Fahr. Has Been Found To Give Good All-Round Results 


in popularity. Opinion seems also to be fairly equally 
divided among designers as to whether to provide three 
forward speeds or four. The flexibility of a six-cylinder 
engine may be claimed to make a four-speed transmis- 
sion unnecessary, but on the other hand its capacity for 
high revolutions makes the third gear of a four-speed 
transmission particularly useful for hill-climbing or 
acceleration. 

Acceleration figures for a typical three-speed six, the 
new Morris, are graphed in Fig. 1. Another typical 
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Fic. 4—GRAPHS OF ENGINE TREND DURING LAST 5 YEARS IN ABOUT 300 CHAssIS 


The Graph at the Left Shows the Trend in Number of Engine- 
Cylinders; That in the Center the Trend in Valves; and That at 
the Right the Trend in Ignition and Cooling. These Trends Are 
Not Strictly European, as Data for the Percentages Include De- 


tails from American and Canadian Cars Constituting 15 Per Cent 
of the Total of About 300 Individual Chassis-Models Available on 
the British Market. It Is Important To Bear in Mind that the 
Figures Are Not Based on Numbers of Chassis Sold 
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Fic. 6—FIVE-YEAR TREND IN CLUTCH, TRANSMISSION AND 


The Graph at the Left Shows the Trend in Clutch Types 


Drive. Data of the Are fro! 


Percentages 


British six is the Rover, recently introduced, the engine 
of which is shown in Fig. 2 as an excellent example of 
clean design. The overhead valves are push-rod oper- 
ated. 

OTHER PROMINENT CAR TYPES 


It is difficult to classify the large number of prom- 
inent European car types that remain. One that may 
be of particular interest to the American engineer is 
the sports-class car, ranging from the specially tuned 
four-cylinder 750-cc. (45.76-cu. in.) chassis to the 3- 
liter (183.06-cu. in.) six-cylinder car selling at £1,250 
($6,100) or more. These cars may be said to fill in the 
gap between the ordinary automobile and the racing 
car, some being merely tuned-up versions of the for- 





Fic. 7—ARMSTRONG-SIDDELEY REAR-END UNIT 


This Is Representative of the Popular Transmission 

System for Chassis in Which the Transmission Is Separate from 

the Engine. The Front End of the Transmission Is Supported on 

a Frame Cross-Member, and the Propeller-Shaft Is Enclosed in a 
Torsion Tube 
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the Same Source as 


mer, while others approach closely to the 
guaranteed speed of 70 m.p.h. 


latter. A 
is becoming rather com- 
mon, and several sports models are guaranteed to reach 
90 m.p.h. For the smaller types with four-cylinder en- 
gines of 1000 to 1500-cce. (61.02 to in.) ¢a- 
pacity, several makers are superchargers this 
year. 

A leading example chosen to illustrate the capabili- 
ties of the British type of sports car is the 4'%-liter 
(274.59-cu. in.) four-cylinder Bentley, shown in Fig. 3. 
This has an open body and is priced at £1,250 ($6,100). 
The acceleration curves are shown in Fig. 1. The maxi- 
mum speed is 90 m.p.h. The bore and stroke are 100 
and 140 mm. (3.94 and 5.51 in.) respectively, the horse- 
power rating is 24.8, and the weight with two persons 
is 85 ewt. (3920 lb.). The engine is fitted with two 
carbureters, four valves per cylinder, and an overhead 
camshaft. 

There is a considerable range of six-cylinder chassis | 
varying in rating and capacity from 20 to 30 hp. and 3 | 
to 5 liters (183.06 to 305.10 cu. in.) and having wheel 
bases of from 130 to 138 in., 


67.53-cu. 


using 


so that a full-scale seven- 


TABLE 2—MAIN PARTICULARS AND APPROXIMATE PERFORMANCE 
FIGURES OF THREE POPULAR TYPES OF EUROPEAN CAR 
“Baby” “Family Type” Light 
Four-Cylinder Four-Cylinder Six-Cylinder 


Horsepower, 
R.A.C. Rating 
Engine Capacity, 


7-9 12-14 15-20 


Ce. 750-1,100 1,500-2,000 2,000-2,500 
Cu. In. (45.76-67.12) (91.53-122.04) (122.04-152.55) 
Forward Speeds 3 Mostly 3 3or4 
Road Speed, M.P.H., 
Maximum 45-55 50-55 60-65 
Cruising 40 40-45 45-50 
On Indirect 
Gear 25-35 25-40 40-45 
Dimensions, In., 
Wheelbase 72-96 108-120 114-126 
Tread 42-48 50-56 52-56 | 
Weight, Empty, | 
Cwt. 8%-18 20-27 24-28 i 
Lb. (952-2,016) (2,240-3,024) (2,688-3,136) 
Miles per Gal. of 
Fuel, 
British 35-40 25-30 18-22 
American 27-31 19-23 14-17 
Price Range, 
Pounds 135-200 150-350 300-550 
Dollars (659-976) (732-1,708) (1,464-2,684) 
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passenger body can be carried. At 
the top of the class are well-known 
high-priced cars such as the 40 to 
50-hp. Rolls-Royce, 45-hp. Renault 80 
and 37-hp. Hispano-Suiza. At present 
the straight-eight engine is em- 
ployed by only a few makers for the 
large, luxurious type of car, such as 
Isotta Fraschini, Panhard-Levassor, 
and Sunbeam, all of which have en- 
gines exceeding 5 liters (305.10 cu. 
in.) in capacity. Use of the straight- 
eight is, however, extending slowly. 
This year Ballot and Wolseley intro- 
duced 2'-liter (152.55-cu. in.) cars 
of this type, while straight-eight 
sports chassis are made by Alvis and 
Bugatti. 








Per Cent 
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figures in Table 3 were prepared for 

46 i : : 
this paper from current specifica- 
tions of the 255 European chassis 
aT available in Great Britain. It is 
*372 important to bear in mind that the 
: graphs and table are based on the 
number of individual chassis ana- 
lyzed and not on the numbers sold. 
4J4; From the table it will be seen that 
the chassis are fairly equally divided 
into four sizes in respect to engine 
capacity, and that the four-cylinder 
engine is still the most prominent 
e type, followed by the six-cylinder 
8 engine at some distance. The in- 
creasing importance of the latter, 
however, is shown clearly by Fig. 4, 
from which it will be seen that the 


The largest private car built in Data for the Percentages Are from the proportion of sixes available on the 
Europe today is the British Daimler “@me Source as Those in Figs. 4 and ©; British market has jumped from 22 
“double-six ” which has a 12-evlinder Hence the Trend Is Not Strictly European 


V-type sleeve-valve engine having a 

capacity of 7136 cc. (435.44 cu. in.) and rated at 50 hp. 
The wheelbase and tread are 163 and 60 in. respectively, 
and the saloon model sells at £2,450 ($11,956). 


2—PRINCIPAL TRENDS IN CHASSIS DESIGN 


Views expressed in this section of the paper are based 
mainly upon observations made by the author at the two 
great annual automobile exhibitions in London and Paris 
during the last five years and his various experiences 
with British and Continental cars and their makers dur- 
To supplement these views, figures are 
quoted from analyses made by the staff of The Motor 
and published annually in that journal. The analyses 
cover the principal mechanical features of all the indi- 
vidual chassis-models available on the British market, 
about 300 in number. For 1928 these include 135 
British cars, 75 French, 45 American and Canadian, 18 
Italian, 15 German and Austrian, and 12 built in other 
countries. . 

The graphs used in this section to illustrate the trend 
of design from 1924 to 1928 are based on these annual 
analyses, but the figures are not strictly European, in 
view of the inclusion of American and Canadian cars 
constituting 15 per cent of the total. Consequently, the 
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nated a “Four-Light Saloon” 





EXAMPLE OF RIGID-TYPE FABRIC-COVERED Bopy 


This Body, Mounted on the Crossley Six-Cylinder 20-Hp. Chassis, Is Desig- 


per cent in 1925 to 42 per cent in 
1928. 

Another striking development is found in braking 
systems. The almost universal use of four-wheel brak- 
ing in Europe is well known; the graph at the right in 
Fig. 5 shows the five-year increase, from 30.5 to 95 per 
cent, in the proportion of four-wheel-braked chassis. 
But it may be news to some engineers that, of the 255 
European chassis available in Britain, no fewer than 65, 
or 25.5 per cent, are provided with power servo-mecha- 
nism for brake application. During the last four or 
five years various prominent concerns, such as Rolls- 
Royce, Hispano-Suiza, Renault, and Sunbeam, have been 
fitting frictional types of servo-mechanism, consisting 
of a multiple-disc clutch driven from the transmission 
shaft and operated by the brake pedal. The drag on the 
plates is utilized to apply torque to the clutch housing 
and so to operate the brakes. Such a system can be 
made to give excellent results but is complex and costly. 

The present widespread use of power-assisted braking 
dates from the introduction of a vacuum-type servo- 
mechanism by M. Dewandre four years ago. The de- 
tails of this mechanism and others of a similar type in- 
troduced later are so familiar that it will suffice to point 
out that it is not costly to make or install. It is part of 
the standard equipment of certain European cars priced 
as low as £220 ($1,073.60). The only seri- 
ous disadvantage of the suction-operated 
servo-mechanism is the sudden and consider- 
able increase in pedal pressure required in 
case the engine stops. 

In many ways the use of servo-braking 
has been beneficial; in others it has been 
harmful, because it has been used to cover 
up deficiencies in braking systems which 
would otherwise have made their existence 
felt by a necessary increase in pedal pres- 
sure; thus a servo-mechanism can be used 
to hide poor mechanical efficiency in the 
operating gear. General opinion seems now 
to be swinging round to the view that a 
power servo-mechanism should not be neces- 
sary on any car weighing less than 30 cwt. 
(3360 lb.), and a move has been made to 
simplify the operating mechanism by elim- 
inating many pivot-points. Equalizers, for 
example, have been largely discarded. More 
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interest is being shown in shoes possessing servo effect, 
such as the Perrot. 

A chaotic state of affairs exists in Europe at present 
concerning the regulation of braking systems by law. 
Probably 80 per cent of European cars fail to comply 
‘with the strict letter of the law in respect of an inde- 
pendent braking system. The manufacturers of all but 
the more expensive cars seem to hold the opinion that a 
separate set of hand-operated shoes is unnecessary pro- 
vided the hook-up of the hand-lever and pedal-operated 
system is arranged with the necessary safeguards 
against failure. It is not difficult to arrange a hook-up 
without equalizers in such a way that the failure of any 
rod or shaft cannot put more than two of the four 
brakes out of action, and the law needs to be modified 
to legalize such a system. 


EASIER CHASSIS-LUBRICATION 


Next in importance are chassis changes designed to 
promote ease of maintenance, particularly with regard 
to the lubrication of minor chassis bearings, such as 
steering-gear connections, brake-gear pivots, and spring 
shackles. The first move, made about two years ago, 
was to group grease-gun nipples in batteries at con- 
venient points, connecting them to the bearings by pip- 
ing. Then the number of such bearings needing lubri- 
cation was cut down by the use of fabric shackles or 
pads of rubber composition for spring anchorages, but 
this practice did not extend very far. The principle, 
however, has been strongly revived in France and En- 
gland by the Silentbloc bushing, a most ingenious device 
utilizing the properties of rubber in a state of strain. 

A rubber sleeve is squeezed between inner and outer 
steel bushings so that it is extended longitudinally and 
compressed radially. This state of strain gives it a 
grip on the bushings and enables it to carry radial loads 
with very little deformation. The rubber sleeve, how- 
ever, allows of considerable relative twisting between 
the inner and outer bushings without slip. This device 
therefore forms a silent bearing for spring ends and 








Fic. 10—SHELL OF THREE-POINT-SUSPENSION RIGID BODY 


This Form of Construction Is Known as the 
System. The Wood Framing Is Rigid and Is 
Three-Ply Wood, 
mented. 
Can Be Seen. 
along the Bottom 

Chassis Frame. 


Edges, Which Extend 
The Floor Is a Separate Unit 


Gordon-England 
Paneled with 
upon Which Cellulose-Coated Fabric Is Ce- 
Two of the Hangers for the Three-Point Suspension 
Stiffness Is Secured by Means of the Box Section 
Downward Outside the 
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the like, where the 
movement required 
is small, and pro- 
longed tests have 
shown it to be dura- 
ble. 
One-shot 
tion-systems, such 
as the Enots and 
Tecalemit, have been 
adopted to a certain 
extent, and I believe 
these are destined 
to become widely 
used in conjunction 


lubrica- 





FIG. 11—SIDE ANCHORAGE OF RIGID- with _bearings of 
Bopy FRAME the Silentbloe type 
A Rubber Pad between the Steel which reduces the 
Brackets on the Chassis Frame and number of points to 
the Body Sill Cushions and Silences be served by the 
the ‘Body wnown in Fig. 10. Note one-shot svstem. 
How the Box Section of the Body . s 
Frame Extends Outside of and Below The trend in en- 


gine design is shown 
by figures in Table 
3 and Fig. 4. Over- 
head valves predominate, while side valves are used on 
one-third of the European chassis. Sleeve valves are 
making but slow progress. Many of the new overhead- 
valve engines have overhead camshafts. On the other 
hand, several makers well known for their overhead- 
valve engines, as Delage and Armstrong-Siddeley, have 
adopted side valves for new light-six models. For 
ignition, the magneto is slowly losing ground to the 
coil, mainly due to the influence of the new six-cylinder 
engines. 

Considerable trouble has been experienced with the 
distribution systems of new six-cylinder engines, and 
many makers are now using a dual carbureter with 
duplicated choke-tube and jet assemblies fed from a 
common float-chamber, each part serving three cylin- 
ders. A device undergoing experiment consists of a 
thermostatically controlled carbureter-inlet fitting hav- 
ing an open branch and a second branch leading from 
an exhaust stove. Each branch is fitted with a butterfly 
valve, as shown in Fig. 5. In this way the air supplied 
to the carbureter can be maintained at a constant tem- 
perature; 100 deg. fahr. has been found to give good 
all-round results on British gasoline. 

Thermostatic control for cooling systems is popular. 
For medium-size engines many makers are using an im- 
peller to assist water circulation. This is housed at 
the front of the cylinder-block and mounted at the rear 
end of a belt-driven fan-spindle. Air and oil-cleaners 
are receiving a great deal of attention. 

Stiffer crankcase-cylinder castings, engine supports 
embodying flexibility, and timing gears at the rear end 
are well-marked trends. On the Wolseley straight- 
eight the drive to the overhead camshaft is placed at 
the center of a two-piece crankshaft. Duplex roller- 
chains are widely used for camshaft drives. 

Transmission tendencies can be gathered from Table 
3 and Fig. 6. The most popular layout consists of a 
single-plate clutch, unit-constructed four-speed trans- 
mission with central control, enclosed propeller-shaft, 
and spiral-bevel-gear final drive. Mechanical universal- 
joints are steadily displacing the fabric-ring type for 
unenclosed propeller-shafts. 
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' In the chassis TABLE 3—CHASSIS FEATURES OF BRITISH AND CONTINENTAL 
e the | for which a unit CARS 
Juired construction of en- Volumetric Capacity 
pro- gine and transmis- Per Cent 
have sion is not em- Under 1% Liters (91.53 Cu. In.) 29% 
dura- ployed, a popular From 1% to 2 Liters (91.53 to 122.30 Cu. In.) 23% 
scheme is to build From 2 to 3 Liters (122.30 to 183.06 Cu. In.) 25% 
. : Over 3 Liters (183.06 Cu. In.) 21% 
brica- up the transmis- 
such sion, torque tube Number of Cylinders Forward Speeds 
and and rear axle to Per Cent Per Cent 
2 been form a unit stiff- a dl ae = 
rtain ened by a triangu- fight 6% Gearshift Lever Location 
elieve lated tie-rod_ar- Type of Valve Central 58 
stined rangement. Lead- Overhead Poppet 55 = On Right 42 
videly ing examples are ‘Side-by-Side Poppet 33 Propeller-Shaft 
iction Fig. 12—FLOATING JOINT BETWEEN the Renault and “leeve loniti 12 ee q a 
3 oof COWL AND DASH ON FLEXIBLY- Armstrong - Sidde- Magneto ee 79 i SF inal Drive 
type MOUNTED Bopy ley (See Fig. 7). Coil 16% Spiral-Bevel 90 
. the This Allows Relative ees . =~ A few Conti- Dual ee 4% Worm : Boh 10 
‘owl, a, Built on the Body, anc e " Spr > 
its to oe b, Supported on the Chassis. nental makers, not- re ee eg 55% Semi-Elliptic prings - 
the The Joint Is Sealed by a Flattened ably Voisin, are Thermosiphon 43% Quarter-Elliptic 4 
a. j Rubber Tube, c, below Which Is a providing certain Air 1 Rear Springs 
n en- Drip-Channel, d, To Catch Rain Water of their models Clutch Semi-Elliptic 67 
hown and Lead It Out to the Sides with an auxiliary Sinsle-plate 76 Quarter-Elliptic 10% 
. Cone 12 Cantilever 18 
Table two-speed gear be- ultiple-disc 12 Others 4% 
Over- hind the transmission, so making two sets of forward- Transmission Location Brakes 
ed on | speed ratios available according to the nature of the In Unit with Engine 76% Four-Wheel, Plain 70 
S are | district in which the car is running. In one chassis Separate 23% ay" ‘oa ig tomy 25% 
head- | recently introduced, the gearshifting is effected by en- ; ie teh é - <: RLS ibs r 
: ala fe pte ~~ Note.—Percentages are based on an analysis of 255 individual 
other : gine suction. The most striking transmission develop- European chassis on sale in Great Britain, including 135 British, 
head- | ment in the offing is the free-wheel, described in the 7% French, 18 Italian, 10 German, 8 Belgian, and 9 other Huro- F 
have fourth section of this paper. i 
For | SPRING SUSPENSIONS AND STEERING : . i 
> the | . Pe ee ee ago has been widely adopted, as it has proved safe and é 
inder | Except for a few makers having small outputs and yet permits of remarkably easy dismounting and mount- a 
advanced ideas, whose products are described later, sus- ing of the tire casing. Last year the Michelin Com- i3 
n the pension systems remain much as they were in all essen- pany introduced a different type in which the drop 
, and tials. Semi-elliptic springs fore and aft, damped by or well is eccentric, having full depth at the valve and 
with | four shock-absorbers, is the general rule. On most of tapering off in each direction around the rim until it 
om a the larger cars, however, rear springs of the cantilever vanishes opposite the valve. The valve is fitted with 
-ylin- | type are employed, but, as shown in Fig. 8, they have a rubber pad that fills the well of the rim when the tire 
of a been losing ground to the semi-elliptic type. Renault _ is inflated. 
hav- cars constitute an important but isolated example of the Wire wheels have become increasingly popular with 
from use of a transverse semi-elliptic rear spring. The axle the introduction of bolt-on types such as the Rudge- 
terfly anchorage on semi-elliptic front-springs usually is offset Whitworth. 
plied considerably, and on an increasing 
tem- number of cars these springs are 
good shackled at the front instead of at 
the rear end. 
yular. Cam-and-roller steering-gears have 
n im- obtained a considerable following in 
od at England, but otherwise there have 
rear | been few changes in steering. Cer- 
uners | tain chassis have interesting modi- 
fications of the orthodox layout, such 
ports as the 2-liter (122.02-cu. in.) Rover 
r end and the Daimler double-six, in each 
ight- of which the steering-gear casing is 
od at mounted high above the frame level, 
oller- close to the dash. The advantages of 
this position are that the steering 
Table | column can be very fully raked, 
of a making the wheel pleasant to han- 
rans- | dle, and that the steering-gear does F1G. 13—-CLOSE-TO-THE-ROAD TYPE OF BODY 
haft, not obstruct access to the engine. Running-Boards as Well as Valances, or Running-Board Aprons, Are Being Discarded 
. . by Some Makers To Give a Closed Car the Desired Low-Hung Appearance. Fenders 
rsal- The drop-base wheel-rim = intro- Are of the Bicycle-Mudguard Type and Are Attached to the Axle or Back Plate of 
2 for duced by Dunlop about four years the Brake Instead of to the Chassis Frame. Folding Steps Are Fitted beneath the Doors 
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3—DEVELOPMENTS IN BODY-WORK AND various well-known concerns. The leading British ex. | ture 
EQUIPMENT ample is the Gordon-England, the construction of which | and 
: : ; : is shown in Fig. 10. Here, as in the Weymann, 
An extraordinary diversity of body styles and types pa = ee the by 
‘ : By ; floor is separate from the body shell. This shell, how- shel 
is noticeable in Europe at present. All-steel bodies are ; , > hal a ee rw 
: : ever, instead of being flexible, is a rigid wooden struc. | as 
being turned out by a few large producers, such as eit! 
j Morris, Citroen, and Fiat, but composite bodies paneled ae 
\ in steel or aluminum and either finished in cellulose 
; . . . al sho 
or covered with fabric are the most popular. The true 
. : aah ol ; edg 
Weymann flexible fabric-covered design is being made fra 
under license by numerous concerns, and a host of spe- 
, : c : . ; ma 
cial designs emanate from the smaller firms. Such is 
the lack of uniformity in current practice that only a 
few leading examples can be mentioned herein. r 
The fashion for fabric bodies, a generic term used to att 
include all bodies in which a covering of leather-cloth an 
is employed instead of cellulosed panels, started in - 
France two years ago and has passed its zenith there; “a 
in the opinion of many competent observers, the crest al 
of the wave has been reached in England this year. of 
The type originated with the ingenious flexible body- Th 
framework, covered with fabric, invented by C. T. Wey- | us 
mann. A valuable feature of the design, which has been | lat 
widely copied, is that the body is merely a shell which 
protects the occupants but carries no weight. |. = 
RIGID FABRIC-COVERED BoDY-WoORK 7 
When the demand for fabric body-work grew to im- be 
portant dimensions, many firms decided to produce an ch 
ordinary paneled composite-body that could either be er 
cellulosed or covered with fabric according to require- $1 
ments. By so doing they avoided alterations to plant be 
and the payment of Weymann royalties and were able 8c 
to obtain body contours less square-cut and severe than ic 
those of the truly flexible job. A good British example b 
is the six-cylinder Crossley four-light saloon shown in al 
Fig. 9. Incidentally, the four-light design, with wide ie a ee é t 
doors, is very popular in Europe for fabric-covered Fig. 14—Low WEYMANN-TYPE COUPE Bopy 
bodies of all types The Over-All Height of This Body by Gurney Nutting Is Reduced 
° ~ . a —_ . by Using a Pneumatic Seat-Cushion of Small Depth. Note the 
Another line of development 1S represented by the Door and Body-Side Projection below the Chassis Frame, the 
three-point-mounted rigid fabric-covered body built by Absence of a Running-Board, and the Concealed Step 





Fic. 15—A NOTABLE BoDY-DEVELOPMENT THIS YEAR, THE SUNBEAM CLOSE-COUPLED FouR-DooR SALOON 
Of All Body Types the Four-Door Saloon Is Now by Far the Most Important in Europe for All Sizes of Chassis. The ‘“Four-Light” 
and “Six-Light” Designs Are About Equally Popular. 3y Shortening the Body as Here Shown and Using Two Instead of Three Side- 
Windows, or Lights, the Luggage-Container Can Be Mounted on the Rear without Undue Overhang 
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ture with the framing stiffened by three-ply panels 
and the necessary strength against bending provided 
by box-section girders along the bottom edges. The 
shell is immune from the effects of chassis-frame whip, 
as it is secured at three points only: by brackets at 
either side of the cowl and by a central anchorage on 
a rear cross-member. One of the forward supports is 
shown in Fig. 11, which also illustrates how the bottom 
edge of the body extends downward outside the chassis 
frame to within an inch or so of the running-board, 
making a valance unnecessary. 


FLEXIBLE Bopy-MOUNTINGS 


These and other designs have caused considerable 
attention to be directed to the safeguarding of body- 
work against wracking by chassis whip. For example, 
in large cars it is now common practice to build the body 
on a steel or cast-aluminum sub-frame, this being sepa- 
rated from the chassis frame at the four or six points 
of attachment by rubber buffers. 
The Daimler Company has been 
using this system of body insu- 
Jation for some time. 


When the body is flexibly 
mounted, allowance for relative 
movement must be made between 
the cowl and dash, the latter 
being bolted rigidly to the 
chassis and carrying the rear 
end of the hood, the brackets 


supporting the instrument 
board, the steering column, and 
soon. A popular form of cowl 
joint, illustrated in Fig. 12, em- 
bodies a flattened rubber tube 
and a 
tween 


drip channel located be- 
and the 


the cowl dash. 
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ELIMINATING THE VALANCE 


The growing European practice of eliminating the 
valance by extending the body sides and doors down- 
ward outside the frame is being done not only for con- 
venience but also because it assists in giving to a closed 
car that close-to-the-road appearance which is now so 
fashionable. As a further step the running-boards are 
being discarded by some makers, who mount small fixed 
or folding steps beneath the doors, with close-fitting 
fenders supported from some part attached to the axle, 
such as the back-plate of the brake, instead of from the 
chassis frame. A good Continental example is the coupé 
shown in Fig. 138. Another interesting example is the 
Gurney Nutting body, partly shown in Fig. 14, which 
is made under Weymann license. This shows also how 
over-all height can be reduced by using a pneumatic 
seat-cushion of small depth, which is another well- 


marked trend. 








Fic. 16—BopIES READILY CONVERTIBLE FROM OPEN TO CLOSED FORM 


Convertible Bodies Have Now Definitely Met the Fancy of the 
Large Number of Persons Who Prefer To Ride in the Open in 
Suitable Weather. At the Left Is the Tickford Open-Air Saloon 
Having a Flexible Top Carried by Hinged Bows Operated by 
Means of a Detachable Crank, as Shown. At the Upper Right 
Is the Kopalapso Two-Door Body Having a Flexible Top That 


Can Be Folded Back Like a Phaeton Top. At the Lower Right 
Is the Alexander Demountable Top That Can Be Rolled Off at 
the Back by Means of a Transverse Rod Having Pinions at Hither 
End. The Pinions Roll on Racks Recessed into the Top Rails of 
the Body Frame and Are Rotated by Means of the Detachable 
Handle Shown 
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Of all body types the 
four-door saloon is now 
by far the most impor- 
tant in Europe for all 
sizes of chassis, with 
four-light and six-light 
designs approximately 
equal in popularity. A 
notable development this 
year has been the close- 
coupled saloon, which is 
a four-light body short- 
ened to enable a perma- 


nent luggage-container 

Fic. 17—-NOVEL FREE-WHEEL to be mounted at the 
CLUTCH back without undue 

Much Work Is Being Done in overhang, a good exam- 
Europe on Free-Wheel Transmis- ple of which is seen in 
sions or Drives in Which an Fig. 15. Examples were 
Over-Running Clutch Is Placed j 1 ~ sb ditaiaiens 
between the Main Transmission- noticed on a mos overs 
Shaft and the Propeller-Shaft or stand at the Paris Salon 
in the Final Drive. The Hum- last November. For the 
frey-Sandberg Clutch Above Has larger ears a saloon with 
Skewed Rollers between Races ee a ee 
Ground to a Concave Contour partition iS popular, 1n 


which the built-in di- 
vision behind the front seats is fitted with a framed- 
glass panel that can be raised to cut off the rear com- 
partment when the car is being driven by a chauffeur. 
The division usually carries a pair of folding seats. 








Fic. 18—Two DESIGNS OF INDEPENDENTLY SPRUNG REAR- 
WHEEL CHASSIS-CONSTRUCTION 


Above Is Shown the Sizaire System, Which Includes the Final 
Drive through Universal-Jointed Live Axles. The Wheels Support 
the Chassis by the Transverse Spring and a Pair of Pivoted 
Arms. Below Is Shown the Harris Leon Laisne System in 
Which Each Wheel Is Attached to a Transversely Pivoted Arm. 
A Vertical Stud on the Pivoted Arm Works Against Coiled Springs 
in the Tubular Side-Member of the Frame, Thereby 
with Leaf Springs and Making Possible an 
Frame-Level 


Dispensing 
Extremely Low 
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Another important body type this year is the “open. 
air” or “sunshine” saloon in which the rails and windoy | 
frames form a permanent structure at either side, but gq | 
part or the whole of the top can be folded down. This 
type of body, suggested in a series of articles in The 
Motor a few years ago, has now definitely “caught on” jy | 
England owing to the number of persons who are adopt. | 
ing saloon bodies but dislike a permanent top. 

The Pytchley Company pioneered the sliding-roof type 
of open-air saloon in which the forward portion of the 
roof is mounted on rails and can be slid back over the 
fixed rear portion. Another principle is represented in 
the Tickford body, in which a flexible folding top, car- 
ried by hinged bows, can be raised or lowered by turn- 
ing a detachable handle, as illustrated in Fig. 16. Other 
makers are employing a smaller folding top, such ag 
the Kopalapso, the rear quarter of the body being fixed, 
One of the most ingenious of these folding tops is the 
Alexander, in which the forward edge of the flexible 
roof is secured to a transverse rod carrying a pinion 
at either end. These pinions mesh with racks fitted to 
grooves in the top rails and can be traversed by means 
of a detachable handle. Both the Kopalapso and the 
Alexander bodies are shown also in Fig. 16. 

EQUIPMENT 

Only a brief reference to a few items of equipment 
seems necessary, as in very many respects European and 
American practice is similar. The permanent luggage- 
container, consisting of a metal or three-ply wooden 
shell containing three or more suitcases, is a practical 
fitting and improves the appearance of the rear of a car, 

Equipment designed to minimize the headlight-dazzle 
nuisance is another important item. In England the 
most popular device for this purpose is the “dipper”, an 
important example of which is the Barker system in 
which the head-lamps are carried on pivots so that they 
can be tilted by means of a lever and rods to throw the 
beams downward. This has latterly been improved by 
a cam device which causes the lamps to turn toward the 
side of the road as they are dipped, producing a dip- 
twist effect. Of more recent introduction, but already 
widely used, is the Lucas system, in which the head- 
lamps are fixed but carry pivoted reflectors. As the 
moving parts are very light, the designer has been able 
to incorporate a push-pull pneumatic control which is 
easy to operate. A dip-twist effect is secured by mount- 
ing the reflectors on pivoting axes that are inclined 
instead of horizontal. This throwing of a dipped beam 
toward the side when meeting another car gives an 
excellent non-dazzling driving light and enables the 
driver to keep the edge of the road always in view. 

This brief review of equipment would be incomplete 
without reference to unsplinterable safety glass made 
by cementing a sheet of celluloid between two sheets of 
glass. Many car makers now list this as an optional 
extra for saloon models, and others are producing 
“safety saloon” models selling at a higher price than 
the standard saloon and fitted with safety glass and 
other special items of equipment. Many new manufac- 
turing companies have recently been formed in Eng- 
land in anticipation of a great increase in the demand 
for glass of this kind. 


4—CHASSIS CHANGES IN PROSPECT 


This section deals briefly with chassis changes of 
importance that have already been put into practice by 
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Fic. 19—AUSTRO-DAiMLER INDEPENDENTLY SPRUNG WHEEL 
CONSTRUCTION 


This Frameless Chassis Has a Tubular Backbone That Terminates 
in a Spherical Differential-Housing and Articulated Joint in 
Which the Ends of the Live-Axle Heusings Work. A Triple 
Transverse Spring Carries the Load, and the Wheels Can Move 


Independently, as Illustrated by the Insert Drawing 
certain small concerns which make cars in limited quan- 
tities, are remarkably progressive in their ideas, and 
give considerable impetus to mechanical developments. 
Their ideas possess attributes of an importance suffi- 
cient to ensure that they will be carefully considered, 
and possibly eventually adopted, by the larger com- 
panies. 


FREE-WHEEL TRANSMISSIONS 
A great deal of work is being expended upon trans- 
missions in which an over-running clutch of the free- 
wheel type is placed between the main transmission- 


shaft and the propeller-shaft or in the final drive. This 
system appeals chiefly on the score of easy gearshifting, 
as with it gears can be changed with remarkable fa- 
cility when the ordinary clutch is thrown out, the driver 
having to contend only with the inertia of the freely 
spinning gear-shafts. Furthermore, a great deal of 
free coasting is made possible, which results in more 
pleasurable motoring and a saving in fuel amounting to 
about 25 per cent. On the other hand, the driver loses 
the braking effect of the engine, although he may be 
given an emergency control for locking the free-wheel 
when necessary. 

The leading British free-wheel is the Humfrey-Sand- 
berg, shown in Fig. 17, which consists of a set of cylin- 
drical rollers fitted on the skew between races ground 
to a concave contour. This device gives free movement 
for one direction of torque, but a reversal of torque 
causes an immediate “pick-up” of the drive, accompanied 
by an axial “screw-in” movement of the parts. This 
pick-up can be prevented by inserting a stop to prevent 
the axial movement, a feature which is used in providing 
a locking device, as follows: 'Two such clutches, left- 
hand and right-hand, are mounted behind the transmis- 
sion case, the former being normally kept out of action 
by a stop while the latter gives a free-wheel drive. 
Operation of a locking lever withdraws the stop, so 
allowing the left-hand clutch to operate to give a “solid”’ 
drive for reversing. or emergencies. 

The de Lavaud free-wheel device has only recently 
been introduced but has already attracted much atten- 
tion in England. It consists of two roller-clutches 
mounted on the rear-axle half-shafts in place of the 
differential. This scheme gives, in addition to its free- 





Fic. 20—-SUPERCHARGED SIX-CYLINDER MERCEDES ENGINE PARTLY IN SECTION 


A Roots-Type Blower at the Front End Is Brought into Action 
by a Clutch When the Accelerator Pedal Is Depressed beyond Its 
Normal Range. The Supercharger Is Intended for Use Only 
When Extra Power Is Needed. Road Tests of the Mercedes Car 


Fitted with This 381.13-Cu. In. Engine Showed It To Have Maxi- 
mum Speeds of 100 M.P.H. with the Blower in Action and 80 
M.P.H. without. On a Third-Gear Ratio of 4.6 to 1, the Car 
Could Be Accelerated from 10 to 60 M.P.H. in 15 Sec. 
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wheel properties, the advantage of a differential which 
prevents wheel-spin. 

Front-wheel-drive cars for sale to the public are rep- 
resented chiefly by Alvis in England and Tracta in 
France. In each case the chassis is of the sports type 
and is notable for low build and independent wheel- 
springing. The author can testify to the advantages of 
a front drive for cars of this class from personal ex- 
perience in driving the Alvis; turns which would re- 
duce the safe speed of a normal rear-drive car to about 
30 m.p.h. can be taken at 40 to 45 m.p.h. without any 
feeling of insecurity. Another feature is the steering; 
no caster angle is needed, so the steering-gear can be 
made fairly direct or quick, yet light to operate. The 
driver has the sensation of controlling the direction in 
which the propulsive effort is being applied to the car 
instead of the usual sensation of steering the car 
against its natural inclination to run straight. 

In addition to being used on the front-drive cars, in- 
dependent springing of all four wheels is employed by 
Sizaire, Cottin-Desgouttes, Messier, and Harris Leon 
Laisne; while the same principle applied to two wheels 
only is used by Lancia, Steyr and Austro-Daimler. Re- 
markably easy riding, light unsprung-weight, absence of 
wheel-spin, a low frame-level and elimination of front- 
wheel shimmy are the principal advantages claimed. 

In the Sizaire system, shown in Fig. 18, unenclosed 
cardan-shafts convey the drive from.a differential hous- 
ing mounted on the frame to wheels carried between 
the ends of a transverse semi-elliptic spring and pivoted 
arms. The Cottin system is similar, but transverse 
springs are employed both above and below the stub 
axles. In the very novel Harris Leon Laisne chassis, 
also shown in Fig. 18, the stub axles are carried by 
splayed radius-arms pivoted to tubular frame-members. 
A short vertical stud on each arm projects through a 
slot in the tube and reacts against enclosed helical 
springs. 

In the Austro-Daimler chassis, illustrated in Fig. 19, 


Old Boston Post 


MERICA’S first lengthy highway, the Boston Post Road, 
44 is now 255 years old. The story of this ancient trail, 
first a post-riders’ path, now a smooth rigid roadway, is a 
history of highway building in itself. 

The Boston Post Road has evolved into one of America’s 
truly modern thoroughfares. This route was one of the 
earliest roadways four traffic-lanes wide, and is considered 
the longest wide highway in the Country. 

In the early winter of 1673, the first horseback post left 
New York City for the other principal city of the New 
World, Boston. This was the earliest attempt to link 
together these two cities, towns then, by land. The rider 
left New York City with messages from Governor Lovelace 
to Governor Winthrop of Connecticut and the Governor of 
the Massachusetts Bay Colony. At the end of the second 
day the message bearer was still in the confines of the 
present New York City, for the trail was poorly marked. 

The first journey required two weeks. Later, when provi- 
sions were made for changing horses along the route, the 
time was reduced to one week, with 30 to 50 miles as the 
average daily distance. Frail bridges that trembled under 
the impact of horses’ hoofs were erected to eliminate the 
countless fords necessitated by the meandering trail. 
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are side members which carry the engine-transmigs. 
sion unit and are connected to the front axle by semi- 
elliptic springs in the orthodox way. These members 
are swept together behind the transmission case and 
bolted to a tube of large diameter that terminates jp 
a final-drive housing to which two half-axle tubes are 
connected by a large spherical joint. Transverse springs 
are employed, as shown, and the rear wheels can move 
independently. 


SUPERCHARGING 


For some years the Mercedes Company has been mar- 
keting a supercharged-engine chassis in which the 
blower can be brought into operation at will by means of 
a clutch. When the accelerator pedal has traversed its 
normal range and the throttle is wide-open, increased 
toot-pressure against a stiffer spring operates the clutch 
and brings the blower into action. It is intended only 
for use on steep grades, for bursts of high speed, or for 
acceleration. Road tests of this car in England showed 
it to have maximum high-gear speeds of 80 m.p.h. with- 
out it and 100 m.p.h. with the blower in action. Using 
the supercharger, a speed of 60 m.p.h. could be reached 
from 10 m.p.h. in 15 sec. on a third-gear ratio of 4.6 to 
1. The sectioned six-cylinder engine, which was ex- 
hibited at the Olympia show, is shown in Fig. 20. The 
capacity is 6246 cc. (381.13 cu. in). 

At the 1927 Paris Salon many small cars of the 1%- 
liter (91.53-cu. in.) sports class were shown with Cozette 
superchargers fitted. In these, as in the British Lea- 
Francis, Riley, Vulcan, and Standard supercharged cars, 
the blower is in operation continuously. It is easier 
to make a four-cylinder side-valve-engine chassis into 
a sports model by fitting a blower than by redesigning 
it with overhead valves and camshaft. 

The author acknowledges with thanks the permission 
given by the proprietors to make free use of many illus- 
trations executed by the staff of The Motor and much 
information gained in their service. 


Road Modernized 


In 1713 the New York State Assembly established a right- 
of-way four rods wide between New York City and the Con- 
necticut boundary. But it was not until 1772 that the first 
coach-journey was made, by Jonathan and Nicholas Brown. 
Riding on hard backless seats, the travel-worn tourist wel- 
comed the end of the daily 40-mile jaunt lasting from sunup 
to sundown. 

The need for paving was evidenced even in those days 
but the early attempts were not so successful. The “turn- 
piking” process consisted in placing a layer of rock covered 
with sand over the roadway. This gave an excellent road- 
way for a time, but soon rain washed away the sand and 
travel over the exposed rocks was more difficult than ever. 
Later, crushed stone and planking soothed the way of the 
coach-and-four. 

Motor traffic, increasing at the rate of 10 per cent a year, 
made it mandatory that the road be widened. Even five 
years ago, from 10,000 to 16,000 vehicles used the road 
daily. For a time consideration was given to constructing 
a parallel route, but it was decided that it would be more 
economical to pave the Boston Post Road to a double width. 
The roadway, now concrete for the most part, is paved to 
a width of 36 or 40 ft.—Motor Travel. 
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| Interpretation of Exhaust-Gas Analysis 
mi- | 
bers | 
and 
“a | HE interpretation of exhaust-gas analysis in would involve not only sampling of the mixture from 
ings terms of the chemical processes which occur in a sufficiently large and diverse number of portions of 
nove | the cylinder or cylinders of an internal-combus-_ the total charge to make the application of the theory 
| tion engine is extremely difficult and still appears to of errors valid, but the assumption that no diffusion 
| be a moot question among those investigators who occurred during this process of sampling, and still 
| have experimented with this problem. One of the most further that this was the state of the charge at the 
Nar- | serious difficulties arises from the fact that a number instant of ignition. The results so obtained would 
the | of the reactions involved are equilibrium processes with apply to the particular set of operating conditions at 
is of | a high temperature coefficient, so that the composition this instant. Treatment of such data, if obtainable, 
1 its of the exhaust gas at temperatures considerably below involves, according to the method of Minter, the as- 
ased | that existing in the cylinders cannot legitimately be sumption that the composition of the reaction products 
utch employed to indicate directly the does not change during the time 
only | state of the combustion system and the temperature drop oc- 
for in the engine. Furthermore, the curring in the process of pass- 
ywed | mechanism of combustion under ing from the cylinder to the 
vith. | the conditions existing in the This contribution to Automotive gas-analysis apparatus, which 
sing | engine is so little understood Research is a comment by O. C. is inadmissible in practice. The 
ched that any accurate evaluation of Bridgeman? on a previous article by reverse method of computing 
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the shift in these equilibrium re- 
actions between the opening of 
the exhaust-valve and the analy- 
sis of the gas sample seems to be 
almost impossible in the light 
of the limited experimental evi- 
dence available at present. 

The use of simplifying as- 
sumptions permits various in- 
terpretations of  exhaust-gas 
analyses to be made which are 
not necessarily unique, being 
based on assumptions that ap- 
pear plausible but are not 





Clarke C. Minters. In his article Mr. 
Minter called attention to the pres- 
ence of free oxygen in the exhaust 
gas from an engine even when the 
charge is known to contain fuel in 
excess. This condition he explained 
by assuming that the charge is not 
homogeneous, but burns as a mixture 
of mixtures. He then pictured the 


composition of the non-homogeneous 
change as a manifestation of the law 
of probabilities. 


the degree of homogeneity of 
the charge from the exhaust- 
gas analysis, even assuming a 
“frozen equilibrium,” is not pos- 
sible, for there are more un- 
knowns than there are equations 
for its solution. 

The relation between the 
modulus of precision and the 
extent of evaporation of the 
liquid fuel in the charge appears 
to be entirely fictitious. The as- 
sumption that h, the modulus 





of precision, is equal to unity 
=a founded directly on experiment, when all of the fuel is com- 
and do not always lead to con- pletely vaporized, is equivalent 
clusions that have been or can be verified by experi- to stating that the average deviation from homo- 
ment. In other words, there is great need for an ex- geneity of the gaseous mixture is 0.56 of an air-fuel 
tensive study of the chemical reactions that occur in ratio, which is a purely empirical assumption, since it 
the cylinder, and, until such knowledge at least is avail- is obvious that, with varying conditions of turbulence 
able, attempts to draw quantitative conclusions about and time allowable for diffusion, all stages of homo- 
these reactions from the analysis of gas drawn from geneity may be obtained, from almost complete separa- 
the exhaust manifold appears to be futile and to serve 


tion of the fuel vapor to complete mixing. In the 
right- | Merely to obscure the lack of necessary experimental former case, the theory of errors is not applicable, 
, Con information. whereas, in the latter case, no differences in concentra- 
e first rs : tion could be detected by analytical means. Since no 
srown. DIFFICULTIES IN APPLYING THEORY OF ERRORS information is available on the degree of homogeneity 
t wel- The application of the theory of errors to the in- of the gaseous mixture at the instant of ignition, the 
sunup | terpretation of exhaust-gas analysis in terms of the arbitrary assumption of h being equal to unity may 
a distribution of air and fuel throughout the mixture at be very far from the truth. If the fuel is not com- 
rene, the instant of ignition, as suggested by C. C. Minter pletely vaporized but exists partly in the form of drop- 
veotel for an idealized system, is ingenious but barren. lets throughout the mixture, the distribution of these 
road- | Whereas this method of attack may give the type of droplets may be such that the same degree of homo- 
d and | curves which represent the distribution of fuel in the geneity is indicated by sampling as would be indicated 
. ever. | Mixture, it is necessary to assume a value for the if the fuel were completely vaporized. In any case the 
of the 


modulus of precision, which is ordinarily evaluated from 


value of h is a specific function of the design of the 
the experimentally observed deviations. It is difficult 


induction system and the combustion-chamber, and as 


i to understand how the modulus of precision can be such would normally have a different value for every 
— evaluated in this case by experimental means, for it engine and even for the same engine with every change 
nctian : eres ee in operating conditions. 

, EEE Ceol Wakinnc Teter Of he, Burenm of If it is assumed that the modulus of precision, h, can 
width. *Research associate, Bureau of Standards, City of Washington. be evaluated experimentally at the instant of ignition 
ved to *See THe JourNaL, January, 1928, p. 19. 


and, further, if it is assumed that the reactions speci- 
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fied by Minter are the ones which take place during 
combustion, then the composition of the exhaust gas 
in the cylinder immediately after an instantaneous com- 
bustion probably can be evaluated by means of the 
theory of errors, for a charge in which all of the fuel 
is completely vaporized at the instant of ignition. Ac- 
cepting these assumptions, the homogeneity of the 
gaseous mixture depends upon diffusion and turbu- 
lence, and, since the process of mixing is molecular, it 
seems reasonable that the variable concerned is the 
molal concentration of fuel or air in the mixture, or 
their equivalents. Since concentration is expressed in 
terms of the number of units of a particular substance 
in a specified number of units of the mixture, air-fuel 
ratio cannot be considered equivalent to concentration 
as a variable for this purpose. 

However, if it is still further assumed that air-fuel 
ratio can be used as the variable in the error function, 
the integration of equation (13) of Minter’s article to 
evaluate the volume of combustion products could be 
carried out between the limits of zero and infinity. The 
use of infinity as the upper limit is legitimate, since the 
integral derives practically all of its value over a very 
narrow range of deviations, and those of appreciable 
magnitude are very rare. If these limits are used, an 
exact integration can be performed to give the volume 
of carbon gases formed from that portion of the charge 
in which the fuel is in excess. 





v. =101[ 555 (1) 


es: wee ] 
2h’ - 1 VF(R — 1) 
Similarly, for the case in which the air is in excess, 
there results 

aces 5. ae | 

\ *(h?R? — 1) 


v.=101[ oe me, te (2) 
Hence, the sum of (1) and (2) would give the total 


volume of carbon gases formed under the conditions 
specified. This is 





: (3) 
~ eR 
as compared with 202/R for the value computed by 
Minter for a homogeneous system. 

The use of infinity as the upper limit of integration 
avoids the difficulty encountered by Minter in inte- 
grating from 0 to z, in which he was forced to make 
the unjustifiable approximation of taking the first term 
of a series, not always convergent, as equivalent to the 
entire function, and in this particular case is tanta- 
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mount to a cancellation of a factor containing the 
variable in different functions in numerator and de. 
nominator, both behind the integral sign. 
tegration, he was further forced to make an extremely 
crude approximation to remove the variable x from the 
integrated expression, which is avoided in the present 
method by using definite limits. 


VOLUME OF CARBON GASES 


After in. | 


If h is taken as unity for illustrative purposes, and | 


if the relations employed by Minter for the hypotheti- 


cal reactions occurring during combustion are used, q | 


t 
' 
; 


value may be obtained for the total volume of carbon | 
gases from a mixture of air-fuel ratio 15 by means} 


of equation (3). This volume is 13.50, as compared 
with the value 13.46 for 


the case of a homogeneous | 


i 


mixture and with the value 13.40 computed by Minter, 


It seems impossible that the volume of carbon gases 
can be less than the predicted value (13.46) under 
these conditions, and only in the limiting case of a per- 
fectly homogeneous mixture would it be equal to the 
predicted value. Hence, the figure 13.40 and the “cor. 
rected” values used by him appear to be equally wrong, 
To prove this, consider a system with a mean air-fuel 
ratio of 15 to 1, and assume that the gas mixture is 
divided into two equal, perfectly homogeneous parts, 
with ratios R— X and R+ X respectively. The volume 
of carbon gases produced from the total mixture would 
be 


202 1 
Yee we =k Ry dl al ar (4) 
1 —— rR? 
For all values of X except zero, V is greater than 
202/R. A similar statement holds true for the other 
products of combustion, assuming the ideal relations of 
Minter. 

As a matter of fact, equation (4) contains all of the 
information that (3) does, and can be obtained very 
simply by straight addition rather than by integration 
of a relation based on further assumptions. In both 
equations it is necessary to choose empirically a par- 
ticular value, in the one case for h and in the other 
for X; and it is as simple to pick offhand a value for 
the mean deviation without any assumption as to pick 
one for the probable deviation assuming that proba- 
bility applies to the system. However, if it is desired 
to draw probability curves, the theory of errors pre 
dicts that the mean error X is equal to the reciprocal 
of h\/2, so that direct substitution for X in equation 
(4) gives relation (3). The only assumption involved 
in this substitution is that the theory of errors is ap | 
plicable to the system 


Exhaust-Gas-Analysis Calculations 


H. LOCKWOOD*, de- 
iy veloped six algebraic formulas for calculating, 
@from exhaust-gas data, information relating to 
the air and fuel constituents of combustion. He has 
recently extended his study along these lines, and has 


worked out formulas and diagrams on exhaust-gas 


in a previous article’, 





1M.S.A.E.—Professcr of 
sity, New Haven, Conn 
2 See THE JOURNAL, 


mechanical engineering, Yale Univer- 


November, 1927, p. 571. 


analysis and resulting air-fuel ratios. In presenting 
this material, Professor Lockwood asks for criticisms 
of or suggestions concerning his work in its preseml 
form, and makes the following comments concerning it: 
It is, I think, rather surprising that the air-fuel 
ratio can be computed from only two of the gas- 
analysis items, say COs and On, and yet include cor- 
rectly the remaining items CO, He and CHi. 
We have been checking these formulas by exhaust 
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analysis from the Chrysler 80, and have obtained 

fully satisfactory agreement in comparing air-fuel 

ratios by metering the fuel and air and by calcula- 
tion from gas analysis. 

An interesting feature of the diagram is the check 
afforded on correctness of analysis by the common 
intersection of three gas-component lines in a single 
point, or in three closely adjoining points, referred to 
by a, b and ¢ in Fig. 1. This check has been satisfac- 
torily met by our best analyses, although in some in- 
stances divergent intersections have been found. 

Wide separation of the points indicates inconsistency 
and consequent divergence in the values of the air-fuel 
ratio. Hence the diagram affords a simple means of 
checking the consistency of the gas analysis. 

A definite point on the diagram will be associated 
with each analysis, and as the mixture strength changes 
the points will travel across the diagram in a narrow 
band. In general rich mixtures will lie along the axis 
where oxygen approaches zero at bottom of diagram, 
while lean mixtures will lie along the zero monoxide 
axis. Any marked deviation from the analysis band 
may be considered an indication of mixture of air with 
the exhaust sample, in the transfer of the exhaust from 
the manifold to the Orsat apparatus. 

The formulas and diagrams developed by Professor 
Lockwood follow. 


AIR-FUEL RATIO OF INTERNAL-COMBUSTION ENGINES 
COMPUTED FROM EXHAUST-GAS ANALYSIS 


Air-fuel ratios deduced’ in 
items, CO,, O,, CO, H,, CH,, N, 


Actual air-fuel ratio = 


terms of gas-analysis 


18.15N,2 
0.522N. + 4CO, + 5CO + H.+8CH.—20, 
Ideal air-fuel ratio for perfect combustion = 
18.15N: + 34.8(CO + H+ 4CH.~20:) 
0.522N: + ete. ta 
To simplify, substitute N, = 100 —CO,— 0,— CO — 
H,—CH,, and actual air-fuel ratio = R, ideal air-fuel 
ratio = 15.15, approximate relations by A. W. Judge’. 
H, = 0.38C0, CH, = 0.13CO, and obtain, after reduc- 
tion, 





p — 19:8 + 0.430CO; — 0.568CO (3) 
0.391C0O. + O. 440CO : 
66.8 + 1.29CO. a ot 0.6040, (4) 
= 9.68 — 0.278C0. — 0.4680. 

The analysis percentages CO,, CO, or CO,, O,, will 
yield the same value of R if the analysis is consistent 
with theory. Hence either formula (3) or (4) may be 
used. 

The air-fuel ratio can be found without calculation 
by plotting the values of the four variables in (3) and 
(4) in a diagram shown in Fig. 1. In using the dia- 
gram, sketch in a line for each of the analysis items, as 
CO, = 11.6, O, = 0.6, CO = 3.5, parallel to the respec- 
tive axes, which should intersect in a point for perfect 
agreement with theory. Ordinarily, perfect agreement 
will not be obtained, and three intersections will be ob- 
tained, as shown by a, b, c, on the diagram. The air- 
fuel ratio can be read from a line through the middle 
ofa be. 

The air-fuel ratio diagram may have two incidental 
uses of considerable value, to detect analyses that have 
been incorrectly made, and to detect the mixture of air 





®See THp JoURNAL, November, 1927, p. 571. 
*See Testing of High-Speed Internal-Combustion Engines, p. 103. 


‘Published by permission of the Director of the Bureau of 
Standards, City of Washington. 
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Carbon Dioxide, per cent 
Fic. 1—DIAGRAM OF EXHAUST-GAS ANALYSIS AND AIR-FUEL 
RATIO FOR INTERNAL-COMBUSTION ENGINES USING PETRO- 
LEUM 
The Air-Fuel Ratio Can Be Found Without Calculation by Plot- 


ting the Values of the Four Variables in This Diagram. In the 
Example Here Illustrated, CO.—11.6, O.—0.6, and CO=3.5. These 
Lines Sketched on the Diagram Give Intersections a, b and ec. 
If These Points Coincide, Analysis Agrees with Theory. A Line 


Drawn from the Center of abe Gives the Air-Fuel Ratio as 13.4 
with the exhaust gas sample during sampling or 
analysis. 


VALIDITY OF RELATIONS QUESTIONED 


O. C. Bridgeman, to whom Professor Lockwood’s 
formulas were submitted, makes the following com- 
ments’: 


The computation of the average air-fuel ratio sup- 
plied to the cylinders of an internal-combustion en- 
gine from the complete analysis of a representative 
sample of the exhaust gas would seem to be a precise 
problem in stoichiometry, granting the usual assump- 
tions. A certain average amount of carbon, hydro- 
gen, oxygen and inert gases constitute the supplied 
mixture and if no “carbon” is left behind in the 
cylinders on combustion of this mixture and if none 
of the lubricating oil is burned, then it follows from 
the law of conservation of mass that the same 
amounts of these substances will be expelled from 
the cylinders into the exhaust manifold. Under 
these conditions, an adequate method of analysis of 
either the dry or wet exhaust gas is all that is re- 
quired. The accuracy of the computed air-fuel ratio 
will depend entirely upon the removal of a repre- 
sentative sample and the accuracy of the method 
used for analysis. 

In order to simplify the analysis of the exhaust 
gas, certain assumptions are frequently made. One 
of the more common of these assumptions is that the 
residual gas after removal of COs, O2 and CO can be 
considered for purposes of calculation as consisting 
of H», CH. and Nez, which may be legitimate in certain 
cases, but if accuracy is desired, its acceptance might 
introduce considerable error in the general case. 
The two additional simplifying assumptions intro- 
duced by Professor Lockwood, namely that H: = 0.38 
CO and CH, = 0.13 CO, appear to be very question- 
able, a priori, since they imply knowledge of the 
mechanism of combustion considerably in advance of 
that definitely established. No entirely satisfactory 
theory of the mechanism of oxidation of pure hydro- 
carbons is known at present and any gasoline is 
such a complex mixture that, even if the mechanism 
were known for each type of hydrocarbon, the per- 
centages of the various types present in the partic- 
ular sample would constitute the minimum knowledge 
necessary for the deduction on theoretical grounds 
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of relations similar to those given above. Unfor- 
tunately Professor Lockwood presents no experi- 


mental data to prove the legitimacy of the assump- 
tions suggested. If extensive data showing the valid- 
ity of the relations between CO, He and CH, have 
been obtained even for one engine, they are very 
important and should throw some light on the mech- 
anism of oxidation. Computations from published 
data on exhaust-gas analyses indicate that these re- 
lations are very crude averages and that deviations 
of several hundred per cent are common. It seems 
apparent that there exists no theoretical basis at 
present for permitting a simplification of the ana- 
lytical procedure, and until extensive data are avail- 
able on both supplied, air-fuel mixtures and exhaust 
gas analyses, which for individual cases rather than 
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averages give good agreement between the observed 
and calculated values, then any relations such as are 
suggested by Professor Lockwood must be regarded 
as very questionable. 

While agreement between the values of R com- 
puted from equations (3) and (4) might constitute 
some evidence in favor of the assumptions involved, 


no data are presented to show how closely these 
agree, nor how well either of them reproduce the 


actual values of the mixture ratio supplied to the 
engine. In this connection, it is curious that modifi- 
cations of Price’s empirical relations are used in the 
deduction of equations (3) and (4), when the au- 
thor’s relations based on theory would introduce no 
additional mathematical difficulties, although they 
would give different final equations. 


Carbon-Monoxide Research 


HAT active interest is being maintained in the 

practical as well as the theoretical aspects of 

exhaust-gas study is shown by a number of com- 
mittee activities as well as other evidences. 

One such body is the recently formed Joint Commit- 
tee on Atmospheric Pollution by Automobile Exhaust- 
Gases. It consists of delegates from the American 
Automobile Association, American Chemical Society, 
American Medical Association, American Petroleum 
Institute, American Public Health Association, Motor 
Truck Association of America, National Association of 
Taxicab Owners, National Safety Council, United 
States Bureau of Mines, United States Public Health 
Service, and the Society of Automotive Engineers. 

The purpose of the committee is, in general, to fur- 
nish the public with authentic information concerning 
the subject of automobile exhaust-gases and the danger 
or lack of danger resulting from the pollution of the 
atmosphere with such gases. It will encourage re- 
search and investigation toward the reduction of the 
amount of carbon monoxide formed in automobile oper- 
ation and attempt to eliminate this entirely if possible. 

From information at hand regarding the amount of 
carbon monoxide to which the public is exposed and the 
probable effects of such amounts, the Committee is led 
to believe that no alarming condition exists in the 
thoroughfares. However, in confined places, such as 
some cab stands, enclosed driveways and commercial 
garages, the carbon-monoxide health-hazard is more 
pronounced. The educational efforts of the Committee 
will be directed particularly to correcting conditions 
that are wrong in such places. 

Another organized effort to ascertain the extent of 
the carbon-monoxide health-hazard and methods for its 
elimination is being fostered by the Department of 
Health of the City of New York. A preliminary con- 
ference was held on June 26, to which were invited 
persons interested in the manufacture of automobiles 
and at which this Society was represented. 

The ventilating system of the Holland Tunnel, the 
primary data for which were prepared from many 
extensive and carefully conducted experiments, is being 
carefully watched to see if it is adequate under actual 
traffic conditions. A recent report of its effectiveness 
on the first and second days of the operation of the 
tunnel, made by S. H. Katz and H. W. Frevert, Pitts- 





‘See Industrial and Engineering Chemistry, June, 
"See THE JOURNAL, May, 1928, p. 570 


1928, p. 564. 


burgh Experiment Station, Bureau of Mines’, contains 
much carefully gathered and interesting information 
both on the tunnel usage and the efficiency of the 
ventilating system. 

One section of this report deals with the amount of 
“arbon monoxide evolved per car. It is particularly 
worthy of study since it gives opportunity for making 
comparisons between different conditions of operation 
and between experimental determinations and actual 
results. The amount of carbon monoxide produced per 
car-mile, for instance, was found to vary with the 
grade of the tunnel roadway. On a grade of 3 per 
cent the average volume of carbon monoxide evolved 
per car-mile was 5.5 cu. ft., when on a —4.03 per cent 
grade the average volume of carbon monoxide evolved 
per car-mile was 2.3 cu. ft. Another fact commented 
on is that slightly more carbon monoxide appears gen- 
erally in the South than in the North Tunnel. The 
reason is presumed to be that a less steady outlet of 
heavy traffic takes place from the South Tunnel due 
to interruptions in crossing traffic arteries in New York 
City. 

On the second day of operation, the carbon monoxide 
evolved was found to be in excess of what would have 
been expected on the basis of experimental data. The 
maximum difference amounted to 29 per cent. Part 
of the discrepancy is attributed to the grade of 3.48 
per cent whereas a 3.0 per cent grade was used in the 
tests. The greater and less economical speed of 30 
m.p.h. maintained in the tunnel as against the 15 
m.p.h. speed of the tests is thought to be a second 
contributing factor. 

Further evidence that the subject of carbon-monoxide 
research is being watched with attention is the interest 
shown in the recently published article, Automotive 
Phases of Carbon-Monoxide Research Summarized’. 
This incorporated a report made by the Research De- 
partment at the direction of the Research Committee 
and briefly summarized the main points of the general 
carbon-monoxide research, but dealt in somewhat 
greater detail with subjects of special interest to the 
automotive industry. 

Requests for reprints of this article have repre- 
sented interest abroad as well as in this Country, and 
have come from Government and State bureaus, uni- 
versities, associations, and commercial organizations. 
A few reprints are still available for those desiring 
copies. 


ong ee ere 





] 


uled 
stud: 
ety’s 
Mair 
tee 

and 

ers 

ing 

subj 
beer 
erat 
bert 
tion 
rep¢ 
tion 
Soci 
Oct. 
low’ 
issv 
mot 
of 1 
will 
tha 
to ] 


the 
ges 
be 

rep 


dif 
an 
sal 
act 


lov 
fo. 





e se 

| ' / 
: Operation and Maintenance 
da 

: 
l- 
e 
1, NE of the prin- " ° 2) wellas tocom- 
; cizal tories sened-  ()Derating Safety Measures pany’s prop. 
e . led this year for erty. Draws 

| by the Soci- 1 . . : 1 : r "are, attention 
: sy es end Committee Studying Selection and Training salar Si: ao 
e ' Maintenance Commit- *, edie’ cidents. 
| tee is the selecting of Fleet Drivers (4) Stimulating ri- 
9 | and training of driv- valry among 
Vv ' ers for motor-vehicle fleets. Operat- and motorcoach companies or drivers for freedom from acci- 
| ing safety measures is a collateral where drivers contact with dents. 

' subject. A great deal of study has clients. (5) The merit system. 

} been given this matter by the op- (9) Actual driving-test. Wage increase, taking cogni- 
erators on the Western Coast. Ethel- Ability to handle equipment. zance of accident record of 
bert Favary, a member of the Opera- (10) Coordination between mind and driver. 
tion and Maintenance Committee, will © body. (6) Periodic talks by higher officials 

1ins | report on these activities at the Na- To test response of muscular on safety measures. 
ion tional Transportation Meeting of the system to meet emergencies. (7) Observance of road rules. 
the | Society to be held in Newark, N. J., Drivers must pay their own 


Oct. 17 to 19. He has prepared the fol- 


fines for speeding. 
} of lowing outline, which is printed in this 


Supervision. 


(8) 





arly issue of THE JOURNAL to apprise the = : Checking speed and recklessness 
re motor-vehicle fleet-operating members | ransportation-M eeting of drivers. 
<a of the Society of the points his report = 
‘on will cover. It is particularly requested Details PAYMENT 
ual that interested members send directly All members interested in opera- Paid by hour from 50 cents to $1, or 
per to Mr. Favary, Moreland Motor Truck tion and maintenance should in- by week or month. Guaranteed min- 
the Co., Box 317, Los Angeles, or through form themselves regarding the imum from $100 to $150 per month. 
per the Society's office, comments oe p!ans for the Transportation Long-distance stage companies pay 
ved gestions they wish to make, in time to Masting which’ ic.th he. ball ie highest wages. 
1 be helpful in the preparation of the — . 
ent inert Newark, N. J., Oct. 17 to 19. 
ved i) tieseneeen cep Tite Detail 227 of 
SYNOPSIS OF REPORT etails are given on p. o ie x ah . 

ited rere bes Secinakaiits Wiad Mikdamiibin: Proposed Standard Terminol- 
ren- ‘Different methods are employed by ogy of Marketing Functions 
The different corporations in the selecting . 
- of and training of drivers, and to assure ‘INCE all are interested in market- 
dus safety of operation and freedom from \) ing, as it pertains either to service 
oil accidents. Broadly speaking, the fol- TRAINING parts or to service, standardization of 

lowing fundamentals are recommended CC iiesiibiadied *egieina nies ti a the common terms used in this business 
ss for consideration: : P hdeies Meath a ew exceptions, Go of ownership transfer is desirable. The 
cide mais rot train novices.) — —— terms to which reference is made are 
ave SELECTION (1) Class instruction to familiarize marketing, distribution, merchandisin 
The (1) Past experience drivers with equipment used. warehousing transportation ollie, 
art To judge qualifications. (2) Ftdeen ates te enevelee and advertising. As indicated by the 

2) Chi r . ade c “" accompanying chart showing a proposed 
3.48 (2) Character. MGA nt care in handling equipment. Ore y wig oe ee 
the To judge reliability and sense 8) Actus! “aniel ae ty standard terminology of marketing 

of justice regarding rights (3) Actua =e er Y functions, ; 
a of others ee ee . Marketing covers all the tangible and 
15 : ates (4) Filling out forms and making re- .; . 

(3) Physical condition. intangible methods and processes used 
ond Applicants not in good health _- S ports. , 3 f by the manufacturer to effect change of 
-d rejected. (5) prose d witnesses In case Of ac- Ownership between the manufacturer 
cide 4) Age. . ; and the consumer. 
rest *) a have age limits (6) Safe and careful operation. om Distribution is designated as the ma- 
tive for drivers. This is stressed at time oe chinery, or tangible methods and proc- 
ed’. (5) If married. Seas tie corti and esses, by which the manufacturer con- 
De- Married men are preferred by (7) Vi Ps y re veys his goods to the consumer. The 
ttee some companies. eter 3 ail ; functions of this machinery are the 
veal (6) Intelligence test. Constant vigilance continually givers services of supply, or, in other 
ora a . impressed on drivers. ; 
hat Ability to form good judgment words, the attendant time and place 
the quickly. Required by cor- OPERATING SAFETY-MEASURES utilities. = = : 

porations where drivers fill Warehousing includes the assem- 
out forms and make reports. (1) Each accident, however small, bling and storage of goods. 
pre- (7) Traffic laws. strictly investigated. Transportation represents the physi- 
and Applicant must be familiar (2) Penalties assessed where accidents cal movement of goods from place to 
1ni- with local and State traffic are caused by driver. place, and from one functionary to an- 
ons. laws. (3) Posting records of accidents. other, regardless of means. 
‘ing (8) Personal appearance. Includes accidents to other per- Merchandising is a one-word descrip- 


Especially required by taxicab 


sons and other property, as 


317 


tion of all the intangible methods and 








Vol. XXIII 
318 











September, 1928 


S. A. E. JOURNAL 


MARKETING 









DISTRIBUTION 
WAREHOUSING TRANSPORTATION 


instrumentalities used to move goods 
from the manufacturer to the con- 
sumer; it includes both the selling and 
the advertising processes in addition 
to all other efforts needed to move the 
goods. 

Selling is constituted of those efforts 
which take the merchandise to the con- 
sumer. 

Advertising is the effort which 
brings the consumer to the merchan- 
dise. 

This business of ownership change, 
at least in the service-parts industry, 
has become more than just a business of 
offering manufactured goods for sale. 





MERCHANDISING 


SELLING ADVERTISING 


The more we understand the meaning 
of the words we use, the less confusing 
becomes the issue, and the more we be- 
gin to think along lines which will be 
productive of the desired results in our 
field of endeavor. Clarifying the ter- 
minology we use tends to make us think 
along more definite lines, of definite 


functions and of their relation to one. 


another. As a result, eventually we 
should be able to design a Marketing 
Plan with the same certitude that en- 
gineers have in designing an automo- 
bile or any other complete mechanical 
device.—A. R. Sandt, sales section, Gen- 
eral Motors Corp., Detroit. 


Mechanics Personnel 


Subcommittee Studies Selecting and Training, Pay- 
ment Systems and Time-Study 


HE recent work of Subcommittee 

No. 3 of the Operation and Main- 
tenance Committee, of which T. L. 
Preble is chairman, has been largely 
the collecting of data for the purpose 
of determining whether a _ standard 
course of training for mechanics can 
be applied to all types of men and also 
meet the requirements of both pas- 
senger-car shops and fieet owners. It 
has included consideration of the status 
of the Subcommittee in relation to 
other bodies carrying on similar inves- 
tigations, the points that should influ- 
ence or govern the selection of men to 
be trained, the most suitable type of 
training course, the securing of co- 
operation from the industry in carry- 
ing out suggestions that the Subcom- 
mittee may make, the most suitable 
method of wage payment, application 
of time-study, and investigation of the 
flat-rate system. 

At the Subcommittee meeting held 
Aug. 7 in New York City, the types of 
school were discussed, the consensus 


of opinion being that they should be 
classified into four general groups; 
commercial, semi-endowed, endowed, 
and company-endowed schools. Com- 
mercial schools were defined as giving 
only what the student will buy; the 
others as giving only what the student 
should have. The object of the Sub- 
committee is to try to devise a training 
course that will be acceptable to all 


of the four classifications of school 
previously mentioned. 
It was agreed that subcommittees 


should be appointed which would obtain 
data on the several sections of the work 
of the Subcommittee itself. These ap- 
pointments were made, and the work 
the subcommittees are to do was as- 
signed. 

Regarding the selecting of men, the 
points influencing this include charac- 
ter, personality, adaptability, mechan- 
ical ability, past experience, previous 
education and ambition. ‘mpressions 
made by the applicant during his pre- 
liminary interview are considered also, 


No. 3 
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as well as whatever certificates of ef. 
ficiency he may have. 

Questions relating to the proper type 
of training course were debated. Among 
the subjects discussed were cooperative 
training as between the school and out. 
side shops, details of proposed courses, 
the proper percentage of laboratory 
hours to working hours, the number of 


hours in the course, and what the tui- | 


tion fee should be. 


With the thought in mind that the | 


present system of training mechanics 


has not met with any great amount of | 


success, the Subcommittee is trying to 
develop some course of training which 
will result in a better type of me- 
chanic and one who is better fitted for 
work under the flat-rate system. To 
this end, various flat-rate systems have 
been investigated and their good points 
brought out. An attempt has been made 


i 


also to apply time-study to mechanical 


operations. 

Suggestions and data from members 
interested in the subjects now being 
studied by the Subcommittee are de- 
sired. These should be sent to Mr. 
Preble, in care of the Standards De- 
partment of the Society, 29 West 39th 
Street, New York City. 


Large-Scale Motor-Truck 
Moving Service 

| pene caadolag of a Nation-wide mo- 

tor-truck moving-service by cooper- 
ative enterprise of 153 of the leading 
moving and storage firms of the East 
and Middle West was the object of a 
recent conference. The service to be 
rendered by this organization, accord- 
ing to its officials, is designed to facili- 
tate delivery and eliminate crating and 
packing expenses in moving household 
goods. The association plans to op- 
erate in 63 cities of the 17 States east 
of Nebraska and north of Kentucky, 
with Southern and Western lines to be 
added later. For use in this service, a 
truck body has been designed that pro- 
vides sleeping quarters for a_ second 
driver so that long trips can be made 
continuous through day and night. 








Motor-Vehicle Inspection 


HY not read the Symposium on 

Recent Motor - Vehicle - Inspection 
Procedure, which begins on p. 272 of 
this issue? Several phases of detailed 
inspection for maintenance and repaif 
purposes are presented. 
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Production Engineering 


HE present body- 
plant of the Cor- 
pitt Truck Co. is con- 





Progressive Body Assembly 


molding, one-piece 
piano-hinge and door 
handle are fitted. In 


tained in a _ building - finishing the door 
approximately 75 x Layout Changes Made When Removing job, two men hang 
200 ft., one end of 4 the door and fit 
which is partitioned Truck-Body Plant to Larger Building strikers and anti-rat- 


off as a_ blacksmith 

shop. A shed for iron storage is at the 
blacksmith-shop end of the building 
and a shed for lumber storage at the 
opposite end, as shown in Fig. 1. Pro- 
duction is being moved to another exist- 
ing building of the same length but 100 
ft. in width, in which the work can be 
arranged to better advantage. 

In the present shop, a car on a track 
through the lumber-storage shed brings 
the stock to the cut-off saw just out- 
side the door of the main building. The 
stock is then transferred successively to 
the planer, jointer, self-feed rip-saw, 
sticker or band-saw and mortiser and 
tenoner and shaper as required. 

As the finished stock comes from the 
last cut, it is either distributed to the 
cab line or continued straight on to the 
body line, being stacked according to 
sequence of requirements at either 
point. Between these two points is a 
stockroom for sheet-metal, fastenings 
and accessories. Irons made in the 
blacksmith shop are distributed to 
points along both the cab line and the 
body line; as are also bolts, screws, 
nails and other supplies. 

Near the beginning of the cab line 
are four forms over which are built the 
cab sub-assemblies, consisting of a base 
or floor, back, roof and front. Inside 
the form for the cab roof is a sub-form 
for assembling the rear door-post with 
its corner iron and seat side. 

On lots of 25 of one size, a mechanic 
and a helper work on each form. All 
holes are bored and countersunk in the 
parts before stacking, so the assemblers 


Lumber 


Storage 


—_— 















are required only to pick up the parts 
as needed, drop them in place on the 
forms, tighten the clamps, fasten the 
parts together with screws or bolts, put 
on angle or corner irons, and apply 
the under-roofing or lining to the roof 
section. 


SuUB-ASSEMBLIES MADE 


As the sub-assemblies are taken from 
the forms they are passed to other as- 
semblers, to make ‘the final assembly 
on a set of oak rails set at a convenient 
height above the floor. These rails ex- 
tend for a distance of 50 ft., level and 
parallel. Together with the use of 
forms, they assure that the finished cab 
shall be square. 

While the cab frame is taking its 
form, sheet-metal men are cutting the 
metal so that when the cab reaches 
them they are ready to start applying 
the metal to the back, sides and cowl. 
They also apply the molding, which has 
been drilled and countersunk in the 
blacksmith shop. After this, the cab is 
pushed back to the door builders. 

Doors for cabs, bodies and jobs of 
every kind are built by these door build- 
ers. Two men fit the doors that have 
been assembled, glued and fastened, 
and apply the metal after fitting. Then 
the cross-bars and glass felt are fitted 
and the glass is put in place. During 
this time a sub-assembly has been 
made, consisting of the door back, the 
lock with a remote control, and the 
window regulator. These are brought 
to the door and put in place; and the 





af tt & 


Body LINE 


Cut Body Stock | 


BODY LINE 
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tlers while one man 
fits the sliding glass in the felt at th> 
back of the cab. The cabs are then 
trucked to the truck shop for trimming 
and painting. 

In the new plant, shown in Fig. 2, the 
arrangements will be such that the cabs 
will pass a series of benches on which 
all parts are kept, instead of in a stock- 
room. This will save many steps and 
much time. Forgings, parts and ma- 
terial also will be stored at convenient 
points for instant use. 

Another improvement will be that the 
cabs will pass to the trimming room 
and paint shop without leaving the rails 
until the paint is dry, when they will be 
mounted just outside the paint shop by 
means of a hoist. 


IMPROVED METHODS 


The present body line consists of two 
sets of rails, one on each side of the 
building. The finished parts are stacked 
between and near these lines so they 
can be picked up by two groups of 
men, who work progressively. After 
they have built the sills and floor, they 
slide these two units ahead to a point 
where four men begin to erect sides— 
which already have been assembled 
with stakes, top rail, metal and mold- 
ing—while two other men place the roof 
bows or carlines and two more men set 
in the partitions. After this group 
pushes the body ahead, two men appiy 
slats to the roof and another man in- 
spects and applies the finishing touches, 
at the same time putting a sliding win- 
dow in the partition, if this is required. 
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Fic. 1—THE PRESENT BopY PLANT OF CORBITT TRUCK Co. 
This Building Is 75 x 200 Ft., with Storage Sheds Added at the Ends, for Iron and Lumber 
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This Existing Building, 
Completely Used. 
C, Door Metal: D, Door Assembly; E, Hinges 


100 x 200 Ft., 


Following this, two door-hangers bring 
the four doors and hang first the vesti- 
bule set and then the rear set, which is 
fitted with the customary turn-lock. 
Then the body either is mounted on a 
chassis that has been sent from the 
truck shop, or a truck calls for it. 

A more progressive body-line will be 
used in the new shop, the men staying 
at one station and the bodies passing 
them as do the cabs. All metal will be 
cut and formed in the metal room in 
the new shop, then distributed along 
the assembly lines for both cabs and 
bodies to the points where it is to be 
used. There will be stockrooms to re- 
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Fig. 2—THE NEW CORBITT BoDy PLANT 
Is Being 
Divisions Indicated by Letters 


ceive shipments, but there will be con- 
stant distribution of the stock to keep 
the two assembly-lines supplied and 
obviate the necessity for men to lose 
time in getting material. 

The distribution can be handled by a 
boy, entries being made on a perpetual 
inventory as goods are received and dis- 
tributed. Bodies and cabs will run 
through the same trimming and paint 
shops and be mounted by means of the 
same hoist. Van and motorcoach bodies 
will be built, trimmed, and painted in 
separate departments of the new shop, 
as shown in Fig. 2.—William Richards, 
Corbitt Truck Co., Henderson, N. C. 


Grinding of Internal Splines 


Novel Grinding-Wheel at the Saurer Works Driven 


by a Minute Turbine 


HERE is now little difficulty in pro- 

ducing accurately ground splined 
shafts, but the value of the accuracy 
thus obtained is reduced by the in- 
accuracies that are found in the mating 
internal splines. At the factory of 
Adolphe Saurer, at Arbon, Switzer- 
land, where high-grade commercial ve- 
hicles are manufactured, a method has 
been devised for grinding the sides of 
the splines in transmission gears. 

The method used is to mount a small 
cup-shaped grinding-wheel on an arbor, 
together with a small disc with inte- 
gral turbine blades. A jet of water, 
under pressure ranging from 140 to 
350 Ib. per sq. in., is directed tangen- 


‘See The Automobile Engineer, August, 
1928, p. 274. 


tially upon the blades from a pipe in 
the shank of the tool. The whole as- 
sembly must be small enough to enter 
the bore of the gear to be ground. 
This turbine develops power enough to 
grind both sides of the splines, which 
are broached with a slight clearance 
at the top. 

In general appearance, the machine 
on which this grinding-head is used re- 
sembles a small boring-mill. The gear 
to be ground is mounted on the table 
of the machine, which is provided with 
an indexing mechanism and a slight 
lateral movement to apply the cut. 
The grinding-wheel is carried in a 
spindle head that is moved up and 
down by means of a handwheel during 
the actual grinding. 


Adapted To Include Assembly Methods In Which the Progressive Method Is More 
at the Left End of the Drawing Are Used As Follows: A, Cab Parts; B, Body Parts; 
and Regulators: F, Glass and Felt; G, Screws; H, Bolts; J, Locks and Controls 


Water under pressure is supplied by 
a gear pump at the rear of the ma- 
chine, driven by a large belt. The 
wheel-spindle bearings are not injured 
by loose abrasive, since this is contin- 
ually washed away by the waste water 
from the turbine wheel. During the 
grinding, it is necessary to enclose the 
work by a guard and to cover the top 
of the gear with a plate. 

This machine is described and illus- 
trated in a recently published descrip- 
tion’ of the Saurer works. In the same 
article is a description of a_ special 
milling-head for roughing the bearing 
seats for motor-truck transmission 
cases. This head mounts two arbors, 
yverhanging from a central bearing 
and driven by a separate motor. On 
the four projecting ends of the arbors 
are mounted a total of 21 milling-cut- 
ters, arranged for milling seven half- 
bearings simultaneously. The cutters 
are arranged in groups of three, one of 
which roughs out the bearing bore 
while two others face the ends. Addi- 
tional bearings are provided on the fix- 
ture to support the cutters that are 
farthest from the central head. 

Reaming is employed in the final fin- 
ish of the bearings in the transmission 
case. A special reaming-fixture is em- 
ployed, in which all the bores are fin- 
ished by piloted reamer-bars. 


Gear Grinding 
RODUCERS of gears will be inter- 
ested in the paper by H. F. L. Or- 

cutt, on p. 283 of this issue of THE 
JOURNAL. Of particular interest to 
production men are the opinions on 
different methods of grinding gears, as 
given in the discussion of this paper. 
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Subdivision of the Leat-Spring Standards okie 
Passenger-Car  Divi- Where the. ex- 
sion has been formu- - . 8s : . osed surface of 
lating a revision of | SUbdivision Consolidates and Revises Present See eelibea thiadh deities 
the present Leaf- : : : : - below the center 
Euiee Specifications, Spring and Spring-Parts Specifications an G0 Sie: euler 
pp. 809 to 319 inclu- eyes, when spring 
sive of the 1928 edition of the S.A.E. cation form, as illustrated, has been is in the position illustrated, the 
HANDBOOK. It has recommended that made a part of the specification. dimension F shall be expressed as a 
the following existing standards and The proposed Recommended Practice minus quantity. 

recommended practices be cancelled: as it will be submitted to the Passen- Rate (or Flexibility).—Rate is % the 


Leaf-Spring Nomenclature, Leaf Points, 
Finish of Springs, Wrapped Spring- 
Eyes, Leaf-Spring Definitions, Leaf- 
Spring Nibs and Shrunk Center-Bands. 
The present specifications on Tests 
for Parallelism of Spring Eyes, Spring- 
Eye Bushings and Width of Spring- 
Ends have been incorporated in the 
proposed recommended practice. The 
present S.A.E. Standard on Spring 
Center-Bolts and the S.A.E. Recom- 
mended Practice on Spring Rebound- 
Clips, Spacers and Bolts will be slightly 
revised at a later date to conform to 
present practice and requirements of 
the industry. 

As part of the proposed recom- 
mended practice a leaf-spring specifi- 


ger-Car Division is as follows: 


LEAF-SPRINGS 
(S.A.E. Recommended Practice) 


All letter dimensions refer to the 
Leaf-Spring Specification Form here- 
with. 

Load.—Load is the force in pounds to 
be applied by the testing machine to 
the spring in question. Load is to be 
read on the testing machine after 
rapping the spring. 

Height.—See dimension E. 

Clearance.—Clearance is the greatest 
distance in inches the spring may 
deflect after specified load has been 
applied. 


SCREW-PART No 
NUT-PART Na, 


force, measured in pounds, necessary 
to deflect the spring from F plus 1 
in. to F minus 1 in. 


Finish.—Finish refers to the surface 


condition of the steel after heat- 
treatments. 


Finish No. 1.—Leaves shall be left 
in the same condition as that in 
which they come from the heat- 
treating process. 


Finish No. 2.—All burrs on the bear- 
ing sides of the leaves shall be re- 
moved. 


Finish No. 8.—The sheared and 
trimmed edges of the leaves shall 
be chamfered on their bearing 
sides. 
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Finish No. 4.—All loose scale sha!l 
be removed. 

Combinations of these numbers 
may be used to indicate the complete 
finish desired. 

Leaf Numbers.—Leaves shall be desig- 
nated by their numbers, number-one 
leaf being the main leaf; number- 
two leaf being the leaf above and 
adjacent to it; and so on. 

Nominal Width of Spring Steel.—See 
dimension G. 

Finished Width of Spring Steel. 
dimension H. 

Spring-ends shall be finished to a 
width of 1/16 in. less than the nom- 
inal width of the springs, with a 
plus or minus tolerance of 0.005 in. 
for passenger-cars and 0.010 in. for 
motor-trucks, to a point far enough 
back on the spring to allow free 
shackle-movement or free sliding 
movement in case of flat-end springs. 

Spring Eyes and Bushings.—See di- 
mensions K and L. 


See 





TOLERANCES ON SPRING EYES AND BUSH- 
INGS 








Part 





Diameter Tolerance, In 
—0.003 
—0.004 


—0.001 
+0.001 


Bushed eyes 
Unbushed eyes 


The nominal wall-thickness of 
spring-eye bushings shalk be 1/8 in. 
for all sizes of bushing. 


LEAF-SPRING STEEL 


Rolling Tolerances for Automobile Con- 
cave Spring-Steel.—The finished bars 
shall be of double-concave section 
with round edges. The radii of the 
ares of the two concave surfaces 
shall be of equal length. 

Rolls to produce the round edges 
shall be turned to a radius equal to 
two-thirds the thickness of the bar. 

All bars ordered to gage shall be 
rolled to the Birmingham wire gage. 

All bars must meet the width and 
thickness tolerances specified in Ta- 
ble 1. 

The difference in thickness between 
the two edges of each bar shall not be 
greater than those given in Table 2. 

Leaf-spring steel bars shall not have 


Ss. A. E. JOURNAL 


TABLE 2—DIFFERENCES IN THICKNESS 








| 


Width of Flat, In. 


a Difference in 


Over To, Inclusive Thickness, In 
0 2 0.002 
2 3 0.003 
3 7) 0.003 


more than 1-in. curvature in 20 ft., or 
1% in. in 25 ft., or 1% in. in 30 ft. 

The concavity, or difference between 
the thickness at the edges and at the 
center of the bar, shall be as specified 
in Table 3. 


LEAF-SPRING TESTS 


All leaf-springs shall be tested in an 
upright position and supported so as 
to permit free movement. 


TABLE 3—ALLOWABLE VARIATIONS IN 


CONCAVITY 

Nominal Maximum Minimum 

Width Concavity Concavity Concavity 
1% 0.007 0.009 0.004 
1% 0.008 0.010 0.005 
2 0.010 0.012 0.006 
2% 0.011 0.013 0.007 
2% 0.013 0.015 0.009 
3 0.016 0.018 0.012 
3} 0.018 0.020 0.013 
4 0.021 0.023 0.016 
5 0.029 0.031 0.023 


| 


All dimensions in inches. 


Slotted-Head 





All 
ments shall be made after rapping the 


tests or inspection measure- 


leaf-spring in the 


position. 


test or inspection 


TESTS FOR PARALLLELISM 


EYES 


OF SPRING 


Eyes of main leaves shall be parallel] 
and square (within specified limits) 
to the main leaf and parallel to each 
other. 

The test shall be made by inserting 
two 3-ft. bars in the eyes as shown. 
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Screw Report 


Final Draft of Proposed American Standard For- 
mulated by Sectional Committee 


PROJECT of interest to probably 
4. every manufacturer of automotive 
apparatus contemplates the standard- 
ization of slotted-head screws for metal 
and wood. It is the subject of a re- 
port, most of which is reproduced 
on the following pages. The Sectional 
Committee under which this project 
was authorized was organized in 1922, 
and the Subcommittee on Slotted-Head 


TABLE 1—WIDTH AND THICKNESS TOLERANCES 


Width of Flat, In. 


Over | To Inclusive | Plus 
0 24% 92 
‘21 4 3 “G4 
3 5 M46 


Thickness measurements shall be taken 
surface intersects the rounded edge. 


Width, In. 


Thickness!, In. 


Minus Plus Minus 
0 0.005 0.005 
0 0.006 0.006 
0 0.007 0.007 
at the edge of the bar where the concave 


Froportions for Machine Screws, Cap 
Screws and Wood Screws was ap- 
pointed and started its work shortly 
thereafter. The first tentative report 
of the Subcommittee was issued in 
March, 1924, but a number of difficult 
problems relating to it arose that re- 
sulted in further study by the Subcom- 
mittee. Additional drafts of the re- 
port have been issued since then for 
review by the Committee members and 
a limited number of other interests not 
represented on the Subcommittee. 
These have resulted in the issuing of 
the following report as the proposed 
final draft. 

When the report has been finally ap- 
proved by the Sectional Committee, it 
will be submitted to the sponsors for 
their approval in accordance with the 
procedure within their respective or- 
ganizations. When so approved, the 
last step will be the approval of the 
report by the American Engineering 
Standards Committee with regard to 
the organization and procedure of the 
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7 ; STANDARDIZATION ACTIVITIES ey eye 323 
Flat Head Machine Screws Round Head Machine Screws 
_-= tT al ae 
| re i a TO 
34 mm tM 2 sy IA 
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ure- Table No. 1 Head Dimensions 











































the T 
tion 
Head Diameter | Height of Head Width of Slot Depth of Slot 
ING Maxi- Mini- Mini 
mum mum 
038 
lle] 015 040 
its 017 043 
S) 020 
a0 022 045 
ach 050 
024 055 
P 029 059 
ting 034 
.039 066 
077 
046 088 
058 
7 | 070 All dimensions in inches. 
RS Note 1. Minimum (D) will be same as Mi Outside T 
ahi ad ' All dimensions in inches the A Standard S Thread R arte Chen ak need Diamover given in 
Note 1. Minimum (D) will be same as Minimum Outside Thread Diameter given in American per out an ene es eaiia eport, Free Fit, (Class 2), when dinmever and threads 
Standard Screw Thread Report, Free Fit, (Class 2), when diameter and threads perinch are 
the same = Formulas 
Formulas ea ameter: Width of Slot: 
Head Diameter: Width of Slot: Maximum A = 1.887 D Maman f = 0.182 D + 0.020 
Maximum A = 2.040 D — 0.003 Maximum J = 0.182 D + 0.020 _ Minimum A = 1.813 D — 0.010 Minimum J = 0.164 D + 0.010 
Minimum A = 1.960 D — 0.013 Minimum J = 0.164 D + 0.010 Height of Head: Depth of Slot: 
Height of Head: Depth of Slot: Misimum H = 06D +0008 «© ghmumT = 0.362 D + 0017 
t ea ep = UV, \ 
be H = 0.619 D — 0.002 Maximum T = 0.288 D — 0.002 ence + Minimum T = 0.268 D + 0.013 
Minimum H = 0.552 D —0.007 Minimem T = 0.192 D —0002 Shape of Head:—Semi-elliptical. 
Countersink Angle: 
Maximum 82 deg. 
Minimum 80 deg. 
~ Head Machine Screws 
an a roe 
/ ~ 
fy ny 
% 3 UATE ws CO) 
o% x ANNAN f) 
a’ rn L ee - 4 ooo A onase AI 
Table No. 3 Head Dimensions 
Cap 
ap- tes 
rtly Nomi- Head Diameter Width of Slot Depth of Slot | Height of Oval Total Hei 
port nal Mex. of Hea 
. Size 
in rs Maxi- Maxi- | Mini- | Maxi- | Mini- | Maxi- | Mini- 
cult poo mum ae mum | mum | mum | mum / mum | mum 
re- geri: eokiaing 
om- 2 086 172 036 024 045 037 029 022 080 063 
3 099 199 038 026 052 043 033 026 092 073 
re- 4 :112 225 040 028 0s9 049 037 029 104 084 
f 5 125 252 043 031 067 055 .041 033 116 095 
r 
rs 6 138 | 279 “045 | .033 | 074 | 060 | .045 | 036 | 128 | 105 
and j 8 164 332 050 | .037 | .088 | .072 | 053 | 043 | (152 | .126 
t 10 190 385 055 041 103 084 061 050 176 148 
no 12 216 438 059 045 117 096 | .069 057 200 169 
tee. \ 250 507 066 051 | .136 | .112 | .079 066 232 197 
- of She 3125 | 636 077 | .061 171 141 | .098 | 083 | .290 | 249 
a 375 762 088 072 206 | .170 117 100 | .347 300 
All dimensions in inches 
ap- Note I Minimum (D) will be same as Minimum Outside Thread Diameter given in American Standard Screw Thread 
it Report, Free Fit, (Class 2), when diameter and threads per inch are the same 
duii Formulas a - 
for Head Diameter: Width of Slot: 
the Maximum A = 2.04D —0.003 gy, » Ani Miaieuee | = 0.182 D + 0.020 
or- Minimum A = 1.96 D — 0.013 aes Anal: Minimum J = 0.164 D + 0.010 
Height of Head: Maximum 82 deg. Depth of Slot: 
the Maximum H = 0.619 D — 0.002 Minimum 80 deg. Maximum T = 0.556 D — 0.003 
the Minimum H = 0.552 D — 0.007 Minimum T = 0.460 D — 0.003 
‘ing Total Height of Head: 
re Max. (F + H) = Max. F + Max. 0.001 


H = 0.923 D + 
. Min. (F + H) = Min. F + Min. H = 0.820 D — 0.008 
e 
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Fillister Head Machine Screws 
4T 
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Table No. 4 Head Dimensions 





H 








F+H 


Total Height 















































































Nomi Head Diameter | Height of Head | Width of Slot Height of Oval of Head 
nal 
Size 
Maxi- | Mini- Maxi Maxi- | Mini- | Maxi- | Mini- 
mum mum mum mum mum mum mum 
2 140 124 037 028 018 083 063 
3 161 145 043 026 032 021 095 073 
4 183 166 048 031 -035 024 107 084 
5 205 187 054 039 
6 226 208 060 
8 270 250 071 
10 313 292 083 
12 357 334 094 
% 414 389 109 
56 519 490 
¥ 622 


All dimensions in inches 
Note 1 Minin D) will be same as Minimum Outside Thread Diameter given in American Standard Screw Thread 
Report, Free Fit, (Class 2), when diameter and threads per inch are the same 
Formulas 
Head Diameter: Width of Slot: 
Maximum A = 1.670 D — 0.004 Maximum J = 0.182 D + 0.020 
Minimum A = 1.610 D — 0.014 Minimum J = 0.164 D + 0.010 
Height of Head (Side): Depth of Slot: 
Maximum H = 0.660 D — 0.002 Maximum T = 0.440 D — 0.001 
Minimum H = 0.600 D — 0.007 Minimum T = 0.374 D — 0.011 
Total Height of Head: Height of Oval: 
Max. (F + H) = Max. F + Max. H Maximum F = 0.280 D + 0.004 
Min. (F + H) = Min. F + Min. H Minimum F = 0.220 D — 0.001 


Machine Screws 


Table No.5 Preferred Screw Lengths and Heads 



























24% R FRP FRP FRP FROP | FRP FRP 
2% FR FRP FRP FRP FRP FRP 


2%, FR FR FR FRP FRP FRP 
3 FR 






All dimensions in inches 









length shall be not less than 1% inches 








Nomi- | 
nal 2 3 4 5 6 8 10 12 Y% Sh6 % 2 3 4 6 8 10 12 Y% 
Size | 
COARSE THREAD SERIES, FREE FIT, (Class 2 FINE THREAD SERIES, FREE FIT, (Class 2 
Common Pitches Less Common Pitches 
Length 
in 
inches Threads per Inch Threads per Inch 
L 
56 48 40 40 32 32 24 24 20 18 16 64 56 48 32 28 28 
YY, FRP FRP FRP RP RP RP FR | FRP | FRP 
3A6 FROP | FROP | FROP | FRP | FROP | FRP RP FR | FRP | FRP R 
\ FROP | FROP | FROP | FRP | FROP | FROP | FROP | RP FR | FRP | FRP FROP 
5/6 FRP FRP FROP | FRP | FROP | FROP | FROP | FRP FRP FR | FR FRP FROP | F F 
FRP FRP FROP | FRP | FROP | FROP | FROP | FROP | FRP F FR FRP FROP | FROP | FR 
Ae FRP FRP FROP | FRP | FROP | FROP | FROP | FROP | FRP F FR FRP FROP | FROP | FR 
% FRP FRP FROP | FRP | FROP | TROP | FROP | FROP | FROP | FROP | FRP F FR FRP FROP | FROP | FR 
Sy FRP FRP FROP | FRP | FROP | FROP | FROP | FROP | FROP | FROP | FRP R FR FROP | FROP | FRP 
% FR FR FRP FRP | FROP | FROP | FROP | FROP | FROP | FROP | FROP R FR FROP | FROP | FRP 
yy R R FRP FRP | FROP | FROP | FRO} PROP | FROP | FROP | FROP FROP | FRP FRP 
1 FRP FRP | FROP | FROP } FROP | FROF | FROP | FRP FRP FROP | FRP FRP 
LA R FR FROP | FROP | FROP | FROP | FROP | FRP FRP FROP | FRP FRP 
1% R FR FROP | FROP | FROP FROP FROP | FRP FRP FROP FRP FRP 
1% F FROP | FROP | FROP | FROP | FROP 7 FRP FROP | FRP FRP 
2 FROP | FROP | FROP | FROP | FROP | FRP FRP FROP | FROP | FRP 


Nore 1 The table of screw lengths reproduced above 1s intended only as a guide to the users of these screws A number of the listed sizes and lengths will not be regularly 
stocked by the manufacturers but will be available on order of a sufficient quantity. Letters in the vertical column under the nominal screw sizes indicate the style of head for that particular 
length; hence, F = Flat Head, R = Round Head, O = Oval Head, P = Fillister Head 

Note 2. Tolerance in length (L) = 3 per cent. But nor less than 025 inches 

Note 3. Where length of screw (L) is 1% inches or less, the length of thread (1) will extend to as near the head as is practicable. Where the length of screw is over 1% inches, the thread 
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STANDARDIZATION ACTIVITIES 


Flat Head Cap Screws 









Nomi- Depth of Slot 


Size 


S883 3882 


All dimensions in inches 


Note 1. Minimum (D) will be same as Minimum Outside Thread Diameter given in 
American Standard Screw Thread Report, Free Fit, (Class 2) 


Formulas 
Head Diameter 
Maximum A 
Minimum A 
Height of Head: 
Nominal H 


= Nominal (No formula) 

= Maximum A — (.03 Max. A + .008) 

= Computed from Maximum D and 
Maximum A, with 81 deg. (mean) angle. 
Nominal H, subject to variations in 
A and D and angle. 
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Button Head Cap Screws 


aa 


MARA | 





Head Diameter | Height of Head Width of Slot 





All dimensions in inches. 


Note 1. Minimum (D) will be same as Minimum Outside Thread Diameter given in American 
Standard Screw Thread Report, Free Fit (Class 2). 


Formulas 

Head Diameter: 

Maximum A = Nominal (No formula) 

Minimum A = Maximum A — (.02 Max. A + .010) 
Height of Head: 

Maximum H = 7/16 Maximum A 

Minimum H = Maximum H — (0.03 Max. A + .003) 
Width of Slot: 

Nominal = .160 D + .024 = S (Approx. Cutter Width) 
Maximum J = S + (.05 S + .003) 











Width of Slot: Minimum S— (.05 S + .003) 
Nominal J = .160 D + .024 = S (Approx. Cutter Width) Depth of Slot: a 
Maximum J = .Y (.05 S + .003) Maximum T = 2/3 Minimum H 
Minimum J = S — (.05 S + .003) Minimum T = Maximum T — .08 D 

Depth of Slot: Countersink Angle: Shape of Head: Semi-elliptical. 
Maximum T = 0.500 H Nominal Maximum 82 deg. 

Minimum T = Maximum T — .08 D Minimum 80 deg. 
Fillister Head Cap Screws 
4T iat 
de TT D (CY) 
bt COO NG 
4 ae 
Table No. 8 Head Dimensions 
D A J F+H 
_— Head Diameter Width of Slot Height of Oval | Total Height 
nal Max. 
Size Diam- : : 
eter oe Mini- Maxi- | Mini- 
mum mum mum 
\% 250 


All dimensions in inches. 





070 


* Variation in height of oval 
Note 1 Minimum (D) will be same as Minimum Outside Thread Diameter given in American Standard Screw Thread 
Report, Free Fit, (Class 2 
Formulas Width of Slot: 


Head Diameter: 

Maximum A = Nominal (No formula) 

Minimum A = Maximum A — (.02 Max. A + .004) 
Height of Head (Side): 

Maximum H 2/3 D to nearest 64th inch 

Minimum H = Maximum H — (0.03 Max. A + .004) 


Height of Oval: 
0.110 Maximum A + .002 


nul 


Maximum F = 
Minimum F = 0.100 Maximum A 


Nominal J = "gr D + .024 = S (Approx. Cutter Width) 
Maximum J = Sia .05 S + .003) 
Minimum J = S — (.05 S + .003) 


Depth of Slot: 
Maximum T = 0.50 (Minimum F + Minimum H) 
Minimum T = Maximum T — .08 D 

Total Height of Head: 
Maximum (F + H) = Max. F + Max. H 
Minimum (F + H) = Min. F + Min. H 


Formula for F included for purpose of determining tolerances for T and F, and are not to be used for 


inspection purposes. 
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Cap Screw Lengths 


The length shall be measured from the largest diameter 
of the bearing surface of the Head to the extreme point, 
in a line parallel to the axis of the screw. 


The difference between consecutive lengths of screws: 


For screw lengths X% in. to 1 in. shall be ¥ in. 
Sei y lin.to4in. “ “ XY in. 
4in.to6in. “ “ Min. 


The tolerance in screw length shall be 3 per cent of the 
nominal length, with a minimum tolerance of .030 inch; 
one-third of the tolerance to be applied minus, and 
two-thirds plus. 


“ “ “ 


Thread Lengths 


Slotted Head Cap Screws shall be regularly threaded 
coarse pitch, and when so threaded shall have a length 
of thread equal to 2 D + % inch. Screws too short to 
allow the formula length of thread, may be threaded as 
close to the Head as practicable. 


Screw Points 


The points of all Cap Screws shall be flat, the flat 
being normal to the axis of the screw; and shall be 
chamfered at an angle of 35 deg. with the surface of 
the flat, -5 deg., -O0 deg.; the chamfer to extend to the 
bottom of the thread. The edge of the chamfer is to be 
slightly rounded. 


Round Head Wood Screws 





Soest ea : 
deans 
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Table No. 9 Head Dimensions 





T 





All dimensions in inches. 


lolerance in diameter (D) = + 0.004 to 0.007 inches 


Formulas Width of Slot: 

Head Diameter: Maximum J = 0.182 D + 0.020 
Maximum A = 1.887 D Minimum J = 0.164 D + 0.010 
Minimum A = 1.813 D— 0.010 Depth of Slot: 

Height of Head: Maximum T = 0.362 D + 0.017 
Maximum H = 0.636 D + 0.015 Minimum T = 0.268 D + 0.013 
Minimum H = 0.624 D + 0.005 Shape of Head: Semi-elliptical. 



















PR 
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SA 








en eae 


10 Head Dimensions 


T 









Height of Head Width of Slot Depth of Slot 


All dimensions in inches 


al 
om 4AM WHO | 


Tolerance in diameter (D) + 0.004 to — 0.007 inches 
Formulas Pe a 
Head Diameter: Width of Slot: 

Maximum A = 2.04 D — 0.003 Maman f = 0.182 D + 0.020 10 
Minimum A = 1.96 D — 0.013 Minimum J = 0.164 D + 0.010 il 
Height of Head: Depth of Slot: 12 
Maximum H = 0.619 D — 0.002 Maximum T = 0.288 D — 0.002 “ 
Minimum H = 0.552 D — 0.007 Minimum T = 0.192 D — 0.002 16 

18 

Countersink Angle: 20 

Maximum 82 deg. a 
Minimum 80 deg. —_ 
A 
T 


Table No. 13 Maximum 

and Minimum Lengths 

of Flat and Oval Head 
Wood Screws 


Table No. 12 Length 
Tolerances of Round 
Head Wood Screws 













) 250 22 

375 x 

Screw Number Tolerance 1 500 “4 

625 .59 

0 750 71 

1 % 875 .83 

2 1 1.000 96 
3 

4 ly 1.250 1.20 

5 \% 1.500 | 1.45 

6 1 1.750 1.69 

7 2 2.000 1.94 
8 

9 24 2.250 2.19 

2% 2.500 | 2.43 

2 2.7530 2.68 

3 3.000 2.92 

3% 3.500 3.42 

4 4.000 3.91 

4% 4.500 4.0 

5 5.000 4.8 


Tolerances in inches. 


All dimensions in inches. 
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Oval Head Wood Screws 
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Table No. 11 Head Dimensions 


Height Width Depth 
of Head of Slot lot 





All dimensions in inches. 


Tolerance in diameter (D) = + 0.004 to — 0.007 inches 


Formulas 


Head Diameter: 
Maximum A = 2.04 D — 0.003 
Minimum A = 1.96 D — 0.013 
Height of Head (Countersink): 
Maximum H = 0.619 D — 0.002 
Minimum H = 0.552 D — 0.007 
Width of Slot: 
Maximum J = 0.182 D + 0.020 
Minimum J = 0.164 D + 0.010 
Depth of Slot: 
Maximum T 
Minimum T 
Height of Oval: 
Maximum F = 0.304 D + 0.003 
Minimum F = 0.268 D — 0.001 
Total Height of Head: 
Max. (F + H) = Max. F + Max. H = 0.923 D + 0.001 
Min. (F + H) = Min. F + Min. H = 0.820 D — 0.008 
Countersink Angle: 
Maximum 82 deg. 
Minimum 80 deg. 


0.556 D — 0.003 
0.460 D — 0.003 


ion 
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Brass Wood Screws 


Table No. 14 Standard Screw Lengths 
and Heads 


Bone wawe we 


All dimensions in inches. 


Note 1. Letters in the vertical columns under screw members 
indicate the style of head for that particular length; hence, F = Flat 


Head, R = Round Head, O = Oval Head. 


Steel Wood Screws 
Table No. 15 Standard Screw Lengths and Heads 


Number 


Screw 
Number 


sn nS gue 


All dimensions in inches. 


Note 1. Letters in the vertical columns under screw members indi- 
cate the style of head for that particular length; hence, F = Flat Head, R 
= Round Head, O = Oval Head 
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Sectional Committee. Then the report 
will be printed in pamphlet form for 
distribution through the sponsors. 


OF IMPORTANCE TO THE INDUSTRY 


This standardization of slotted-head 
screws is as important to the automo- 
tive industry and the other mechanical 
industries as was the standardization 
of screw-threads and their several 
classes of fit that has already been 
completed. Probably no other single 
article is manufactured and used in 
such quantities as are the screws in 
these classes. Therefore it is particu- 


larly important that the standard, 
when issued, shall be acceptable to all 
industries. The standardization af- 


fects very materially the screw manu- 
facturers and users. The head dimen- 
sions have been based on formulas es- 
tablished for each type of screw. The 
widths of the slots are the same for 
each type of machine screw, cap screw 
and wood screw, but the slot depths 
vary for each type of screw-head. 

One suggestion received regarding 
the report is that the overlapping sizes 
of the machine screws and cap screws 
are so nearly alike that they might 
well be combined into a single list. 
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Another feature is the difference in the 
method of expressing the length toler- 
ances between the round-head wood- 
screws and the flat and oval-head wood- 
screws as shown in Tables 12 and 13. 
These points are illustrative of fea- 
tures of the report that should be 
studied, together with the detail dimen- 
sions, to assure that when finally 
adopted the standard will be satisfac- 
tory and acceptable to all industries 
concerned. 


CRITICISM AND COMMENT WANTED 


The report is published substantially 
in full herewith so that all members of 
the Society may review it. Any cviti- 
cisms or comments should be sent to 
the Society’s Standards Department 
promptly, to be referred to the Sub- 
committee and the Sectional Committee 
before they vote finally on the report. 


The Society’s representatives on the 
Sectional Committee are J. A. Anglada, 
of the Anglada Motor Corp.; A. Boor, 


of the Willys-Overland Co.; A. H. Gil- 
bert, of the Rock Island Plow Co.: 


M. C. Horine, of the International Mo- 
of the 


tor Co.; and W. J. 
General Motors Corp. 


Outcalt, 


To Study Aircraft Lighting 


Tests in Progress for Report to Proposed Aeronau- 
tic Division Subcommittee 


N important feature of the design 
4% of commercial aircraft, that has a 
direct bearing on their safe operation 
in flying to avoid collision and in land- 
ing to avoid danger of crack-ups, is 
that of adequate and proper lighting- 
equipment on the plane. The Aero- 
nautic Division of the Society’s Stand- 
ards Committee has received the sug- 
gestion that a careful study be made 
of this subject with a view to establish- 
ing standardization of airplane light- 
ing-equipment and its arrangement on 
the plane. 

Preliminary tests are in progress by 
L. E. Lighton, a member of the Stand- 
ards Committee, on commercial air- 
planes that are being built, with the in- 
tention of placing the resulting data in 
the hands of a Subdivision of the Aero- 
nautic Division of the Standards Com- 
mittee that will probably be organized. 

Requirements of a general nature for 
the lighting equipment of airplanes is 
referred to under Section 42, Articles 
420 to 424 inclusive, of the Aeronautic 
Safety Code formulated under the pro- 
cedure of the American Engineering 
Standards Committee and sponsored by 
the Society and the Bureau of Stand- 
ards. This code was finally approved 
and issued in the latter part of 1925 
and, by its provisions, recognized the 


growing need at that time for the de- 
velopment of adequate and proper 
lighting-arrangements on_ airplanes. 
Undoubtedly it was too early. at that 
time to attempt to establish definite 
recommendations or standardization in 
this connection, but it is felt that, with 
the rapid progress made within the last 
two or three years in the design and 
operation of commercial aircraft, the 
formulation of definite standards for 
aircraft lighting has now become a ne- 
cessity. The establishing now of defi- 
nite sound practice in airplane light- 
ing will avoid, in a very large measure 
at least, an unnecessary variety of sys- 
tems of lighting arrangement that 
would be dangerous in the operation of 
aircraft traffic. The case is analogous 
to the arrangement of lights in marine 
transportation, which are thoroughly 
standardized and well understood 
throughout the world. 


Proposed Split-Rivet Slot 
Depths 


ONTINUING the work which the 
Subdivision on Rivets has been 
doing on the subject of split and tubu- 
lar rivets, a meeting was held on July 
25 for the purpose of developing a 
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table of slot depths for split rivet 
In addition to this work, this commit. 
tee has under consideration the deyg. 
opment of hole diameters and depth 
for tubular rivets and the question of 
tolerances for head thicknesses and qj. 
ameters for both types. It is also pro- 
posed to develop a table of exact body. 
diameters to supplement the present 
list of nominal sizes, so that users may 
have definite information as to the ae. 
tual sizes of the rivets and the sine 
of the holes necessary therefor. The 
following table of slot depths was ap- 


SPLIT RIVET SLOT DEPTHS 


Body Diameter i 
of Rivet, Rivet Length, 
In In 


Proposed 
Slot-Depth, 
In. 


ee 


16 to %A@ ine! I 2 of head 


7A6 and ls 16 


16 Ine | 32 of head 


16 Of head 
‘416 to 4 ine] 16 


446 to % incl 2 of head 


lA 2 of head 
16 of head 


proved by the Subdivision for submis. 
sion to the Parts and Fittings Division 
as an addition to the present S.A.E. 
Standard on Split Rivets, p. 192, of the 
1928 edition of the S.A.E. HANDBOOK. 

The Subdivision personnel is being 
augmented by the addition of repre 
sentatives of other rivet manufactur- 
and of H. E. Maynard of the 
Chrysler Corporation, who has agreed 
to assist in this work. Other meetings 
will be held during the month of Sep- 
tember in order that the proposed revi- 
sions may be put into final form before 
submission to the Parts and Fittings 
Division. 


ers, 


Rubber Bushings 


NFORMATION has been collected on 

the utilization of rubber bushings 
covered by the present standard, p. 
158 of the 1928 edition of the S.A.E. 
HANDBOOK. Only 13 companies out of 
44 use any of the sizes designated. 
Dimensions of the bushings specified 
by the remaining 31 companies have 
been reported. 

In view of this situation, A. BR 
Lewellyn, chairman of the Electrical 
Equipment Division, has requested that 
a Subdivision, composed of rubber and 
cable manufacturers and representa 
tives of the car companies, be orgal- 
ized to revise the present S.A.E. speci- 
fications to meet existing requirements 
and manufacturing practices. It is at- 
ticipated that such revision will be 
completed in time for presentation 
the Standards Committee in January. 
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1928-1929 Section Officers 


Men Who Have Been Preparing Plans for the Activities 


ECTION officers elected at the May 

and June meetings of the Sections 
have, during the summer months, been 
preparing the programs for the Section 
meetings for the coming official year: 
All meetings scheduled are listed in the 
calendar of S.A.E. meetings which ap- 
pears each month on the second text 
page of THE JOURNAL. 

The list of Section officers elected is 


ce 


. 
™'SCONSin 







a § 


eee 
LINO! 


CALIFORNIA 





iCMiGAN 


for the New Season 


given herewith, as the S.A.E. Roster 
lists the Section officers for the 1927- 
1928 administrative year. 

The activities of the 13 Sections of 
the Society depend entirely upon the 
initiative and ability of the Section of- 
ficers and the committees appointed. 
The Sections are very largely separate 
entities, having no direct connection 
with the parent Society except that 


na 


their Constitutions are in harmony with 
that of the Society and that the mem- 
bership is limited to individual mem- 
bers and Enrolled Students. 

The parent Society assists a Section 
financially in case the Section income 
is not sufficient for its necessary and 
approved activities. Technical papers 
presented at Section meetings, if of suf- 
ficient general interest and merit, are 
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SECTION CHAIRMEN ON THE MAP FOR THE SECTION YEAR OF 1928-1929 


Their Names and Their Sections Are: 1 


weth, Dayton; 5—B. J. Lemon, Detroit 


Southern California ; 


E. W. 


6—F. S. Duesenberg, Indiana; 7—S. R. 
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Kimball, Buffalo; 2—J. W. Tierney, Chicago; 3—F. Jehle, Cleveland; 4—Opie Cheno- 
Dresser, Metropolitan; 8—Cyrus A. Cole, Mil- 
Waukee; 9—K. T. Brown, New England; 10—S. B. Shaw, Northern California; 11—A. Gelpke, Pennsylvania ; 
and 13—Thomas T. Neill, Washington 


12—E. B. Moore, 


ar ve 
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published in due course in THE JouR- 
NAL. 


SECTION OFFICERS FOR CURRENT 
YEAR 


BUFFALO 


Chairman: E. W. Kimball, Vacuum Oil 
Co., Buffalo. 

Vice-Chairman: Gustaf Carvelli, Cur- 
tiss Aeroplane & Motor Co., Inc., 
Buffalo. 

Secretary: Donald S. Cox. Pierce-Ar- 
row Motor Car Co., 1695 Elmwood 
Avenue, Buffalo. 

Treasurer: William Edgar John, Buf- 
falo Gasolene Motor Co., Buffalo. 


CHICAGO 


Chairman: J. W. Tierney, Electric 
Storage Battery Co., Chicago. 

Vice-Chairman: D. P. Barnard, 4th, 
Standard Oil Co. of Indiana Engine 
Laboratory, Whiting, Ind. 

Secretary: Lee W. Oldfield, Package- 
Car Corp., 1923 South Michigan Ave- 
nue, Chicago. 


Treasurer: C. A. Buckbee, Marlin- 
Rockwell Corp., Gurney Division, 
Chicago. 

CLEVELAND 


Chairman: Ferdinand Jehle, White Mo- 
tor Co., Cleveland. 

Vice-Chairman: S. L. Bradley, 
Gear & Tool Co., Cleveland. 

Secretary: E. L. Allen, Chandler-Cleve- 
land Motors Corp., Euclid Avenue 
and London Road, Cleveland. 

Treasurer: H. F. Sauer, Electric Stor- 
age Battery Co., Cleveland. 


DAYTON 


Chairman: Opie Chenoweth, Air Corps, 
Dayton, Ohio. 

Vice-Chairman: F. W. Heckert, Cincin- 
nati Ball Crank Co., Dayton, Ohio. 

Secretary: Paul F. Schenck, Board of 


Ross 


Education, 707 North Broadway, 
Dayton, Ohio. 
Treasurer: Norman N. Tilley, Air 


Corps, Dayton, Ohio. 
DETROIT 


Chairman: B. J. Lemon, United States 
Rubber Co., Detroit. 

Vice-Chairman: L. C. Hill, 
Corp. of America, Detroit. 

Secretary: L. A. Chaminade, Stude- 
baker Corp. of America, Detroit. 
(Mail: 5-110 General Motors Build- 
ing.) 

Treasurer: F. W. Marschner, New De- 
parture Mfg. Co., Detroit. 


INDIANA 


Chairman: F. S. Duesenberg, Duesen- 
berg, Inc., Indianapolis. 
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Vice-Chairman: George H. Freers, Mar- 
mon Motor Car Co., Indianapolis. 
Secretary: Robert P. Lewis, Marmon 
Motor Car Co., 1101 West Morris 
Street, Indianapolis. 

Treasurer: Charles A. Trask, Rock- 
wood Mfg. Co., Indianapolis. 


METROPOLITAN 


Chairman: S. R. Dresser, Whitney- 
Blake Co., New York City. 

Vice-Chairman: George A. Round, 
Vacuum Oil Co., New York City. 

Secretary: W. H. Conant, New York 
Lubricating Oil Co. (Mail: Room 
703, 29 West 39th Street, New York 
City.) 

Treasurer: T. C. Smith, American Tele- 
phone & Telegraph Co., New York 
City. 

MILWAUKEE 


Chairman: C. L. Cole, Williams, Cole & 
Wolff, Inc., Milwaukee. 
Vice-Chairman: A. C. Wollensak, Ster- 
ling Motor Truck Co., Milwaukee. 
Secretary: Henry L. Debbink, Milwau- 
kee Electric Railway & Light Co., 
Public Service Building, Milwaukee. 
Treasurer: R. W. Ballentine, Timken 
Roller Bearing Co., Milwaukee. 


NEW ENGLAND 
Chairman: Knox T. Brown, Packard 


Motor Car Co. of Boston, Boston. 
Vice-Chairman: George L. Appleyard, 


Robinson - Toohey Co., Lawrence, 
Mass. 
Secretary: William M. Clark, S. S. 


Pierce Co., 
Boston. 
Treasurer: Albert T. Lodge, Mohawk 
Chevrolet Co., Greenfield, Mass. 


NORTHERN CALIFORNIA 


Chairman: S. B. Shaw, Pacific Gas & 
Electric Co., San Francisco. 

Vice-Chairman: Horace L. Hirschler, 
Horace Remote Control Co., San 
Francisco. 

Vice-Chairman: Herbert Miller, Ster- 
ling Motor Truck Co. of California, 
Oakland, Cal. 

Secretary: William S. Crowell, Home 
Accident Insurance Co., Syndicate 
Building, Oakland, Cal. (Mail: 1462 
Waller Street, San Francisco.) 

Treasurer: Fred L. Sargent, The White 
Co., San Francisco. 


PENNSYLVANIA 


Chairman: A. Gelpke, 
Ardmore, Pa. 

Vice-Chairman: J. H. Geisse, Naval 
Aircraft Factory, Navy Yard, Phila- 
delphia. 

Secretary: Charles C. Trump, Supplee- 


133 Brookline Avenue, 


Autocar Co., 
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Wills-Jones Milk Co., 1523 North 264 
Street, Philadelphia. 
Treasurer: O. M. Thornton, Titefg! 
Metal Hose Co., Philadelphia. | 


SOUTHERN CALIFORNIA 


Chairman: Eustace B. Moore, Los 4p, 
geles Automotive Works, Los 4p, 
geles. 

Vice-Chairman: William H. rai 
Southern California Telephone (y, 
Los Angeles. t 

Secretary: Fred C. Patton, Los a 
Motor Coach Co., 1023 North Virgil 

Avenue, Los Angeles. 

Treasurer: J. Jerome Canavan, Albert} 

son Motors, Inc., Los Angeles. | 

i 


WASHINGTON 


Chairman: T. T. Neill, Bureau 4 
Standards, City of Washington. 
Vice-Chairman: G. O. Pooley, Chess. 
peake & Potomac Telephone Co., City 

of Washington. 

Secretary: E. S. Pardoe, Capital Trae. 
tion Co., 36th and M Streets, N. W, 
City of Washington. 

Treasurer: G. E. Reynolds, City of 
Washington. 


Brewer Designed Radial 
Engine in 1910 


WING to a regrettable typograph- 

ical error, which was not caught 
by the proofreader, THE JOURNAL fot 
June stated, in the report of the Penm- 
sylvania Section meeting, that Capt 
R. W. A. Brewer designed a fixed ra 
dial engine in 1921. Captain Brewer 
designed his first fixed radial aitr- 
cooled engine in 1910 and applied for 
British and French patents on impor 
tant features of this type of engine in 
the same year. 


Perhaps He Was! 


The Society receives stenographic re 
ports of all Section meetings, the Sec 
tion meeting accounts as well as the 
discussion of papers being based on 
these reports. 

In a recent report from a Wester 
Section a speaker was credited with 
saying that the title of a certain paper 
would be “Adam, the Wonder Worker.’ 
The statement that the paper would be 
illustrated with slides, models and 
charts, only added to the interest. 

The real title was “Atoms as Wonder 
Workers”! 
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Personal Notes of the Members 


Society Members Honored by 
Aeronautical Chamber 


News of the recent reorganization of 
the Aeronautical Chamber of Commerce 
and of the election of officers has spe- 
cial interest for members of the So- 
ciety, as 12 of the 20 governors elected, 
including the president, Major Lester 
D. Gardner, belong to the Society. The 
reorganization calls for 21 governors, 
instead of 13 as formerly. One gov- 
ernor is yet to be selected. 

It was announced in the daily press 
that the Chamber was reorganized to fit 
it to deal more adequately with Na- 
tional problems. The new plan provides 
for six geographical divisions in the 
United States, each to be under the di- 
rection of a vice-president, as well as 
for divisions based on specialized pro- 
fessional interest. 

The 12 governors who are members 
of the Society are: S. S. Bradley, gen- 
eral manager of the Aeronautical 
Chamber of Commerce; C. J. Brukner, 
president of the Advance Aircraft Co.; 
C. H. Colvin, president and general 
manager of the Pioneer Instrument Co., 
Inc.; Sherman M. Fairchild, president of 
the Fairchild Aviation Corp.; Carl B. 
Fritsche, general manager of the Air- 
craft Development Corp.; Lester D. 
Gardner, president of Aeronautical In- 
dustries, Inc.; Paul Henderson, vice- 
president and general manager of Na- 
tional Air Transport, Inc.; J. C. Hun- 
saker, assistant vice-president of Bell 
Telephone Laboratories, Inc.; P. G. 
Johnson, president and general manager 
of the Boeing Airplane Co.; C. L. Law- 
rance, president of the Wright Aero- 
nautical Corp.; C. T. Ludington, presi- 
dent of the B. B. T. Corp. of America, 
and Harold F. Pitcairn, president of 
Pitcairn Aviation, Inc. 


H. I, Cone with Shipping Board 


Rear Admiral H. I. Cone has recently 
been made Commissioner of the United 
States Shipping Board, in the City of 
Washington. 

Graduated from the University of 
Florida in 1889 and from the United 
States Naval Academy in 1894, Rear 
Admiral Cone served in the United 
States Navy until he was retired in 
1922 with the rank of rear admiral. 
One of his most noteworthy activities 
in the Navy was serving as marine 
superintendent of the Panama Canal. 
During the World War he was in 
command of the United States Naval 
Aviation Forces Foreign Service. Since 
his retirement from the Navy, he 
has been associated with the Daniel 
Guggenheim Fund for the Promotion of 





Aeronautics, in the capacity of vice- 
president and treasurer. 

Rear Admiral Cone has been a Mem- 
ber of the Society since 1926. He is 
also a member of the American Society 
of Mechanical Engineers, the Society of 
Naval Architects and Marine Engineers, 
and the Society of Naval Engineers. 


Wood Develops Interesting Press 


Announcement was made recently of 
the development of what is claimed to 
be the fastest type of newspaper print- 
ing-press in the world, which is said to 
increase the speed and volume of news- 
paper production more than a full two- 
thirds, adding besides a new smoothness 
of performance. Its inventor is Henry 
A. Wise Wood, president of the Wood 
Newspaper Machinery Corp., of New 
York City. 

Mr. Wood is known, not only as an 
inventor of improvements in newspaper 
printing machinery, but as a man who 
has been constructively interested in 
aeronautics for many years. He founded 
Flying and was its editor until 1918. 
He was governor of the Aero Club of 
America from 1911 to 1921, and its 
vice-president from 1915 to 1921. He 
was a founder member of the Amer- 
ican Society of Aeronautic Engineers 
and became its president, holding that 
office until the organization was merged 
with the Society of Automotive Engi- 
neers. Mr. Wood has been a member 
of the Society since 1916. 

Mr. Wood and Howard E. Coffin, 
with others, participated most actively 
in the merging of the American Soci- 
ety of Aeronautic Engineers and other 
organizations with the Society of Au- 
tomobile Engineers, at the time the 
name of the last-named was changed 
to Society of Automotive Engineers, 
Inc. Mr. Wood suggested the use of 
the word “automotive” in this connec- 
tion. 

During the war Mr. Wood was a 
member of the Naval Consulting Board, 
having been named as the representa- 
tive of the American Society of Aero- 
nautic Engineers. 


McArthur Becomes General 
Superintendent 


A. S. McArthur, who has been con- 
nected with the Toronto Transportation 
Commission for several years, first as 
assistant superintendent of the motor 
coach department, later as_ superin- 
tendent of the garage department, has 
recently become general superintendent 
of the Commission. 

Since receiving the degree of Bachelor 
of Science from the University of To- 
ronto, Mr. McArthur was, prior to his 
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connection with the Toronto Trans- 
portation Commission, successively a 
Dominion land surveyor, an assistant 
resident engineer with the National 
Transcontinental Railways, a resident 
engineer with the Toronto Civic Rail- 
ways and, from 1915 to 1919, a lieu- 
tenant in the Canadian Engineers. 

Mr. McArthur joined the Society in 
1926 and has taken an active interest in 
the Society’s work in the transportation 
field, besides being known to Society 
members through his _ professional 
achievements and his participation in 
the discussion at technical sessions. 


Lester D. Seymour Promoted 


Lester D. Seymour, who has been 
chief engineer of the National Air 
Transport, Inc., since 1926, has been 
made assistant general manager of that 
company. 

After graduation from Syracuse Uni- 
versity in 1916, Mr.. Seymour was as- 
sistant engineer with the General En- 
gineering & Management Corp. of New 
York City, from which he resigned to 
enter the United States Air Service. 
He took the military course in aero- 
nautical engineering at the Massachu- 
setts Institute of Technology during 
the early months of 1918 and pursued 
his aeronautical studies in Paris, 
France, in the spring of 1919. Return- 
ing to this Country, he remained with 
the Air Service, in the City of Wash- 
ington, until 1926, when he became 
chief engineer of the National Air 
Transport, Inc., Chicago. 

Mr. Seymour has been a Member of 
the Society since 1927. He gave a most 
interesting talk on The Practicability of 
Air Transport at the April, 1927, meet- 
ing of the Cleveland Section, and those 
members who attended the 1927 Trans- 
portation Banquet at Chicago had the 
pleasure of hearing him speak on Air 
Transport. 


Lodge Makes New Connection 


Albert Lodge has recently bought out 
the business of the Mohawk Chevrolet 
Co., at Greenfield, Mass. He has been 
service engineer with the Charles Street 
Garage Co., in Boston, for nearly a 
year, after a 12-year affiliation with the 
E. A. Patch Co., of the same city. 

Mr. Lodge joined the Society in 1925 
and has been active in the work of the 
New England Section since that year. 
He is now entering upon his third term 
as treasurer of the Section and is a 
member of the Sections Committee for 
the current year. 


John W. Ackermans, who until lately 
was body engineer for the Fremont 
(Continued on p. 34) 
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Roger Jouett Gilmore 


FTER several months’ illness, dur- 

which he made a gallant fight and 
from which he seemed to be recover- 
ing, Roger Jouett Gilmore died on July 
12 as the result of the overtax on his 
heart. At the time of his death he 
was a member of the firm of Gilmore 
& Co., investment bankers of Boston, 
and a resident of Newton Highlands, 
Mass. 

Mr. Gilmore was born at Cambridge, 
Mass., in 1886, and acquired his tech- 
nical education at Harvard University, 
graduating in 1909 with the degree of 
Bachelor of Arts and qualified also as 
Bachelor of Science. He was an in- 
structor in civil engineering at Har- 
vard University and at the Harvard 
engineering camp in 1908 and assistant 
instructor in aerodynamics at Colum- 
bia University in 1915. With the ex- 
ception of one year, he was connected 
with the Packard Motor Car Co. and 
its branches from 1909 to 1919, first at 
the factory in the assembling and test- 
ing departments. After spending five 
months in gaining a specific knowledge 
of Packard cars, he went to the com- 
pany’s Philadelphia branch as trouble 
finder on the road, and in the next four 
years progressively became a salesman, 
sales manager and assistant general 
manager. 

From the middle of 


1914, Mr. Gil- 
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more was for a year president of the 
American Chemical Co. and of Wilson 
& Wilson. He was next sales manager 
for the Packard Motor Car Co. of Bos- 
ton and was then transferred to the 
New York City branch as territorial 
manager in charge of branches. In the 
next four years he rose to the position 
of vice-president and then to that of 
president. His next change was to 
that of president of Hare’s Motors of 
New England and of Hare’s Motors of 
Connecticut. 

During the war years 1915 to 1916 
Mr. Gilmore was in charge of main- 
tenance and repairs on all airplanes 
and engines at Mineola Field, Long 
Island, for the First Aero Company of 
the National Guard of New York and 
the First Reserve Aero Company of 
the United States Army. 

In November, 1920, Mr. Gilmore was 
elected Associate Member of the Soci- 
ety and later became active in the af- 
fairs of the New England Section, of 
which he was also a member. 


Thomas G. Meachem 


HOMAS G. MEACHE\M, for a num- 

ber of years vice-president and gen- 
eral manager of the New Process Gear 
Corp., of Syracuse, N. Y., and a pio- 
neer in the development of gears for 
the automotive industry, died on Aug. 
17 at the Mount Sinai Hospital, in 


New York City, following an operation, 
He had been in ill health for about 
three months. 

Born at Onondaga Valley, N. Y., in 
1878, Mr. Meachem attended Syracuse 
High School and St. John’s Military 
Academy. In 1900 he became identified 
with the New Process Rawhide Co, 
founded by his father in 1888, which 
was engaged in cutting rawhide pin. 
ions and gears. The company later be. 
came the New Process Gear Corp. and 
Mr. Meachem was connected with it 
until 1918, during the greater part of 
this period as vice-president and gen- 
eral manager. In the automotive field 
the company first made driving gears 
for early electric vehicles, but later 
produced an entire line of timing, 
transmission, differential and _ other 
gears for motor-vehicles. The business 
was taken over by the Willys Corp. in 
1918 and Mr. Meachem retired from 
the company. The following year, with 
his brother, he founded the Meachem 
Gear Corp., of which he was president. 
When the business was sold to other 
interests a few years ago, Mr. Meachem 
retired from active business, but con- 
tinued to devote his time to other fi- 
nancial and civic enterprises at Syra- 
cuse. 

Mr. Meachem was elected to Asso- 
ciate Membership in the Society in 
November, 1912, and was a member of 
the Buffalo Section. 


Applicants for Membership 





The applications for membership re- 
ceived between July 15 and Aug. 15, 
1928, are listed below. The members of 
the Society are urged to send any per- 
tinent information with regard to those 
listed which the Council should have 
for consideration prior to their election. 
It is requested that such communica- 
tions from members be sent promptly. 





BERRY, JOHN HATTON. production manager, 
General Motors Export Co., New York 
City. 

BISHONDEN, FRANK, engineer in charge of 
works, Metropolitan Motors, Brisbane, 
Queensland, Australia. 

BLANCHAUD, L. H., consulting engineer, 
Bohn Aluminum & Brass Corp, Detroit. 

BLASINGHAM, H. E., assistant general man- 
ager, Indiana Truck Corp., Marion, Ind. 

BURGOINE, ALFRED CHARLES, assistant to 
chief engineer on production, Bristol 
Aeroplane Co., Ltd., Bristol, England 

CLARKSON, GEORGE WILSON, technical ser- 
vice representative, General Motors 
Products of Canada, Winnipeg, Canada. 

CocHRAN, RALF’S., metallurgical engineer, 
Surface Combustion Co., Toledo, Ohio. 

COLLINS, ROBERT J., transportation engineer, 
Kansas City Power & Light Co., Kansas 
City; Mo. 

CurTiss, Ropert HENRY, mechanical super- 
intendent, The Robert Simpson Co., 
Ltd., Toronto, Canada. 

DoBBINS, ROBERT N., field mechanic, Gates 
Flying Circus, Lodi, N. J 

DouGLas, E., M., engineering representativ« 


in production, Studebaker Corp., South 
Bend, Ind. 
HAMILTON, JAMES G., chief engineer, Cin- 


cinnati Ball Crank Co., Cincinnati, Ohio 


HEADLEY, BRADFORD N., lieutenant, United 
States Army, Office of Quartermaster 
General, Boyds, Md. 

HeckMAN, JOHN L., owner, Heckman Ma- 
chine Works, Chicago. 

HiuTCcHENS, EDWARD, president, Utility Mfg. 


Co., Cudahy, Wis. 
KLING, NELSON G., draftsman, 
Motor Corp., Buffalo. 
I.ATHRUP, DONALD EDWARD, specification en- 
gineer, Graham-Paige Motor Car Co., 
Detroit. 
ILBIVISKA, 
General 


Stewart 


YRIO (GEORGE), mechanic, 
Motors Truck Co., Detroit. 
L.eGGAT, JOHN W., chief draftsman, Oak- 
land Motor Car Co., Pontiac, Mich. 
\IAHON, PATRICK A., automobile engineman, 
City of New York, Borough President 
of Manhattan, New York City 
MILES, (Miss) MINNI® B., senior engineer- 
ing aid, War Department, Ordnance, 
City of Washington. 
MORGAN, LAWRENCE A., service 
Buda Co., Harvey, Ill. 
NEVIN, WILLIAM M., secretary-treasurer, 
Nevin Bus Lines, Brooklyn, N. Y. 
NICKLIN, MAURICE E., sales engineer, 
Waukesha Motor Co., Waukesha, Wis. 
OAK, PHILip T., research engineer, Stand- 
ard Oil Co. of Indiana, Whiting, Ind. 
PAUL, EUGENE, chief mechanic, Dycer Air- 
port, Los Angeles. 
PENNEBAKER, R. H., lubricating 
Standard Oil Co. of 
Orleans. 


man, The 


engineer, 
Louisiana, New 


ReisNER, J. HENRY, assistant production 


superintendent, Kreider Reisner Air- 
craft Co., Hagerstown, Md. 


ScoLps, Mario, motor designer, Willys- 
Overland Co., Toledo, Ohio 

SMITH, LESLIE ARCHIB, detailer, Packard 
Motor Car Co., Detroit. 

SOLENBERGER, DRAN M., president, Simplex 


Piston Ring Co. of America, Ince, 
Cleveland. 

SprRowLs, G. M., manager, highway trans- 
portation department, Goodyear Tire 


& Rubber Co., Akron, Ohio. 


THOMPSON, E. J., shop superintendent, 
Reeve Gartzmann, Inc., Los Angeles. 

THONGER, JOHN ROBERT, experimental en- 
gineer, LeRoi Co., Milwaukee, Wis. 


TILSHER, GEORGE A., 
Wright 
N 


v. 


engineer, 
Paterson, 


production 
Aeronautical Corp., 


TREPTOW, HERMAN, service manager, Pack- 
ard Motor Sales Corp., New Brunswick, 
N. Jd. 

UILKEMA, T. J., designing engineer, John- 
son Motor Co., Waukegan, Ill. 


WAITE, GORDON T., chief aeronautical en- 
gineer, Alliance Aircraft Corp., Alli- 
ance, Ohio. 


WALDNER, ERNEST, designer, Oakland Motor 
Car Co., Pontiac, Mich. 

WALLACE, HIRAM LEW, research and tractor 
testing engineer, agricultural engineer- 
ing dept., University of Nebraska, Lin- 
coln, Neb. 

WARNER, TOM HENRY, service 
Long Mfg. Co., Detroit. 
Wrst, RoLAND A., teacher, Board of educa- 

tion, Chicago. 

WHITE, CurTis E., sales engineer, Penberthy 
Injector Co., Detrort. 

WuLF, RAYMOND H., president and 
urer,, American Tube Bending Co., 
Haven, Conn. 
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Applicants Qualified 


ACKLIN, WILLIAM C. (A) secretary, treas- 
urer, Acklin Stamping Co., Toledo; 
(mail) 1925 Nebraska Avenue. 


BALCHEN, BERNT (M) pilot, Byrd Antarctic 
Expedition, New York City; (mail) 35 
98rd Street, Brooklyn, N. Y. 


BARFORD, VALENTINE GEORGE (F M) chief 


designer, J. I. Thornycroft & Co., Ltd., 
Basingstoke, England; (mail) 4 Wallis 
Road. 

BaRK, SYDNEY W. (M) chief inspector, 


Chrysler Corp., Highland Park Plant, 
Detroit: (mail) 615 West Troy Avenue, 
Ferndale, Mich. 


BisBEE, D. P. (J) designer, Robert Thomp- 
son Co., Los Angeles; (mail) 210 West 
Orange Street, Covina, Cal. 


Boypr, Harotp B. (J) draftsman, Ameri- 
ean Car & Foundry Motors Co., Detroit; 
(mail) 356 Woodland Avenue. 


BURK, FRANKLIN C. 
automotive research 
Oil Co., 
Pulaski 


2ND (J) 
engineer, 
Paulsboro, N. J.; 
Avenue, 


assistant 
Vacuum 

(mail) 4545 

Philadelphia. 


CHAPIN, LAWRENCE W. (J) assistant to 
service manager, Twin Coach Co., Kent, 
Ohio: (mail) 1516 Arthur Avenue, Lake- 
wood, Ohio. 


CLARK, CHARLES S. (J) direct representa- 
tive, State of Ohio, National Lock Washer 
Co., Newark, N. J.; (mail) 570 Rocke- 
feHer Building, Cleveland. 


ConDIT, W. CHAPIN (J) student engineer, 
H. H. Franklin Mfg. Co., Syracuse, N. Y.; 
(mail) 123 Davis Street. 


Cox, RAYMOND J. (J) 210 Townsend Street, 
New Brunswick, N. J. 


DAVISON, G. E. 
work, 
mond, 
Street. 


(A) research experimental 
Davison Engineering Corp., Rich- 
Va.; (mail) 215 South Mulberry 


DEARTH, ELMER FE. 
development, 
Falls, Mass. 


(M) manager product 
Fisk Rubber Co., Chicopee 


DIcKSON, V. F. (J) layout draftsman, Divco 
Detroit Corp., Detroit; (mail) 15431 
Pinehurst Avenue. 


DOUGALL, HeEcToR FRASER (A) manager, 
proprietor, Dougall Motor Car Co., Fort 
William, Canada 


DYER, RAYMOND W. (M) standards depart- 
ment, Durant Motors, Inc., Elizabeth, 


N. J.; (mail) 34 Sayre Street. 
FeuHR, Roy B. (M) director of laboratory, 
Copland Gear Lapping Syndicate, 79 


West Bethune Street, Detroit. 


FENN, ALAN REGINALD (F M) managing 
director’s assistant, Humber, Ltd., Co- 


ventry, England. 


FRAZER, J. W. (A) sales manager, Chrysler 


Sales Corp., Detroit; (mail) 341 Massa- 
chusetts Avenue. 


FRENCH, M. C. (M) lubricating sales engi- 
neer, Union Oil Co. of California, 604 
Union Oil Building, Los Angeles. 


FRIEDRICH, VILEM JirI (F M) Spartan Air- 
craft Co., Tulsa, Okla 


GANDAIS, Maris (J) draftsman. 
Car & Foundry Motors Co., 
Street, Detroit. 


American 
5718 Russell 


GIBIAN, Emin (M) chief engineer, Velchek 
Tool Co., 3001 East 87th Street, Cleve- 
land. 


GUTTERSEN, ERNEST L. (J) 
Willhelm Oil Co., 2361 
St. Paul, Minn. 


vice-president. 
Hampden Avenue, 


HAMMOND, CHESTER ARTHUR (M) service 
engineer, New Departure Mfg. Co., Bris- 
tol. Conn.: (mail) Room 10-104, General 
Motors Building, Detroit 





The following applicants have quali- 
fied for admission to the Society be- 
tween July 10 and Aug. 4, 1928. The 
various grades of membership are in- 
dicated by (M) Member; (A) Asso- 
ciate Member; (J) Junior; (Aff.) Af- 
filiate; (S M) Service Member; (F M) 
Foreign Member. 





Hector, Epwarp G. (J) junior engineer, 
tool designer, Houde Engineering Corp., 
Buffalo; (mail) 28 Verplanck Street. 


HEBERT, FRED C. (M) layout engineer, 
wheel division, Budd Wheel Co., Detroit: 


(mail) 73 Tennyson Avenue, Highland 
Park, Mich. 
Hitt, JoHN B. (A) sales engineer, New 


Departure Mfg. Co., Room 10-111, Gen- 
eral Motors Building, Detroit. 


Hover, ERNEst W. (A) superintendent of 
paint, Hudson Motor Car Co., Detroit. 


Hopkins, Hower H. (J) draftsman, Nash 
Engineerine Co., South Norwalk, Conn.: 
(mail) 4 Courtlandt Place. 


HuMBLE OIL & REFINING Co. (Aff.) Hou- 
ston, Texas. Representative: Monroe, 
M. J., sales manager. 


Jrnsen, OTTO H (M) research engineer, 
Bossert Corp., Utica, N. Y. 


Jorarnson. L. W. (A) shop superintendent, 
Motor Coach Co., Lomita, Cal.: (mail) 
1619 Webster Street, Alameda, Cal. 


KampPE, J. Louts (A) sales engineer. L. A. 
Youne Snrine & Wire Corp., Detroit; 
(mail) 2682 Taylor Avenue. 


Kaw, H. (J) 70 Portage Park, Highland 
Park, Mich. 

KinG, Harotp A. (A) manager, manufac- 
turers’ sales department, Seiberline Rub- 
ber Co., Akron, Ohio: (mail) 515 Coe 
Terminal Warehouse, West Fort and 10th 
Streets, Detroit. 


KLINE, JOHN H. (A) local sales manager, 
International Harvester Co. of America, 
i4th Road at Vernon Boulevard, Long 
Island City, N. Y. 


KREUTZER, JOSEPH (A) president, general 
manarer. Joseph Kreutzer. Inc., 1801 
South Hope Street, Los Angeles. 


LAMBERT. ARTHUR J. (M) service manager, 
Garford Motor Truck Co., Ine., Long 
Island Citv. N. Y.: (mail) 117 South 
First Avenue, Mount Vernon, N. Y. 


McFADDEN, THOMAS JAMES WALTFR (A) 
district manager. Celoron Co., Bridgeport, 
Pa.: (mail) 425 Insurance Exchange 
Building, Detroit. 


McFARLAND, Forest Rees (J) draftsman, 
Packard Motor Car Co., Detroit; (mail) 
6927 Warren Avenue, East. 


McSHANEF, CARROLL A. 
manaver, secretary, treasurer, Jordan 
Philadelphia Service. Inc.. Corner 16th 
and Melon Streets, Philadelphia. 


(M) general service 


MEBHAN, EDWIN J. (J) exverimental, re- 
search, Diveo Detroit Corp., Detroit; 
(mail) 1571 Cleophus Street, Lincoln 
Park, Mich. 

MENTON, JOSEPH B. (M) body designer, 
Murray Corp. of America, Detroit; 


(mail) 15824 Normandy Avenue. 


MILLPR, HERMAN H. (A) supervisor of time 
studv, Chrysler Corp., Avenue I, New- 
castle, Ind. 
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MriLuerR, L. Bart (A) president, E. Earl 
Miller, Inc., 14 North 4th Avenue, Mount 
Vernon, N. Y. 


MorTon, W. D. 
artment, 
urn, Ind. 


(A) 


manager, contest de- 
Auburn 


Automobile Co., Au- 


OLTMANNS, A. M. (M) engineer, service 
division, Vacuum Oil Co., New York City; 
(mail) 801 70th Street, Brooklyn, N. Y. 


PATON, ANDREW H. (J) draftsman, Chev- 
rolet Motor Co., gear and axle division, 
Detroit; (mail) 1832 Pilgrim Avenue, 


Popv1n, A. F. (A) general sales manager, 
Northwestern Oil Co., Superior, Wis. 


Post, GrorGE B. (M) president, Free Bot- 
tom Craft, Inc.; New York representa- 
tive, Keystone Aircraft Corp.; (mail) 
Free Bottom Craft, Inc., 475 Fifth Ave- 
nue, New York City. 


Rew, W. T. (M) president, Reid Aircraft 
Co., Ltd., 120 St. James Street, Montreal, 
Que., Canada. 


RICHARDS, THOMAS ORIN (J) head, techni- 
cal data section, General Motors Re- 
search Laboratories, General Motors 
Building, Detroit. 


RICKENBACKER, EDWARD V. (M) assistant 
general sales manager, charge of La Salle 
division, Cadillac Motor Car Co., 2860 
Clark Avenue, Detroit. 


Rope, Frep J. (M) factory manager, chief 
engineer, Marquette Tool & Mfg. Co., 
1900 North Kilbourn Street, Chicago. 


Roux, Ropert (A) Walter Motor Truck 
Co., Long Island City, N. Y.; (mail) 
1649 St. Nicholas Avenue, Apartment 7c, 
New York City. 


ROWLEY, MILLARD C. (J) engineer, Lyco- 
ming Mfg. Co., Williamsport, Pa.; (mail) 
1036 West Fourth Street. 


Saxon, Davin L. (A) vice-president, Saxon 


Stamping Co., 122 Southard Avenue, 
Toledo. 


SMITH, EDWIN R. (A) vice-president, gen- 


eral manager, Seneca Falls Machine Co., 
Seneca Falis, N. Y. 


SMITH, MarK H. (J) layout draftsman, 
Ford Motor Co., Dearborn, Mich.; (mail) 
2714 Clairmount Avenue, Detroit. 


STPCKLER, AUGUST G. (A) factory oper- 
ating engineer, Checker Cab Mfg. Corp., 
Kalamazoo, Mich.: (mail) Care of Stand- 
ard Cab Co., 615 St. James Street, Mont- 
real, Que., Canada. 


SUMNER, FRED (F M) draftsman, designer, 
Morris Commercial Cars, Ltd., Birming- 
ham, England; (mail) Loganhurst, 85 
St. Albans Road, St. Annes-on-Sea, Lan- 
cashire, England. 


Tarr, BurRTON M. (A) vice-president, man- 
ager, Reo Michigan Sales, Inc., 2272 Jef- 
ferson Avenue, Detroit. 


TAYLOR, HAROLD M. (A) district manager, 
Firestone Tire & Rubber Co., 4264 Wood- 
ward Avenue, Detroit. 


VAUGHN, CLARENCE K., Jr. (J) service 
manager, Leavenworth Motor Co., Leav- 
enworth, Kan.; (mail) 767 Miami Street. 


WILLENBUCHER, EUGENE HeNRY (A) auto- 
motive engineer, lubricating bus lines 
and truck fleets, The Texas Co., Norfolk, 
Va.; (mail) P. O. Drawer 1115. 


WINKLER, HERMAN E. (J) engineer, 
Schwitzer-Cummins Co., Indianapolis; 
(mail) 2521 Ashland Avenue. 


ZeDER, THOMAS B. (M) sales engineer, 
J. W. Murray Mfg. Co., Detroit; (mail) 
16531 LaSalle Boulevard. 







































































AIRCRAFT 
Raketenversuche mit Flugzeugen und 
Flugzeugmodellen. By A. Lippisch 


and F. Stamer. Published in Zeit- 

schrift fiir Flugtechnik und Motor- 

luftschiffahrt, June 28, 1928, p. 270. 

[A-1] 

The much-talked-of rocket-propulsion 
of airplares is here dealt with by two 
investigators who participated in the 
research. One contributes technical 
notes; the other, an account of flights 
made in the course of the experiments, 
which embraced both model and full- 
size airplanes. 

The verdict arrived at, so far as this 
preliminary research justifies the for- 
mation of an opinion, is that. rocket- 
propulsion of airplanes is thoroughly 
feasible. The practical trials have led 
the authors to a keen realization of the 
necessity of taking every precaution 
against the firing of the aircraft by the 
rockets. A number of suggested safe- 
guards are mentioned. 


The Drag of a J-5 Radial Air-Cooled 
Engine. By Fred E. Weick. National 
Advisory Committee for Aeronautics 
Technical Note No. 292. Published 
by National Advisory Committee for 
Aeronautics, City of Washington. 4 
pp.; 5 illustrations. [A-1] 
The drag due to radial air-cooled en 

gines is a subject of considerable in- 

terest at this time. This note describes 
tests of the drag caused by a Wright 

Whirlwind J-5 radial air-cooled engine 

mounted on a cabin-type airplane. The 

tests were made in a 20-ft. propeller- 
research tunnel. 

Three different types of exhaust 
stack were used in the investigation: 
short individual stacks, a circular cross- 
section collector ring, and a streamline 
cross-section collector ring. The drag 
due to the engine was found to be 
85 Ib. at 100 m.p.h. with the individual 
stacks and 83 lb. at 100 m.p.h. with 
each of the collector rings. 


The ABC of Flight. By W. Laurence 


LePage. Published by John Wiley & 
Sons, New York City. 141 pp.; 42 
illustrations. [A-3] 


The history of an art might well be 
traced by the character of books written 
concerning it. Were there any doubt 
that aviation has become a thing of 
the people, it would be dispelled by the 
increasing number and the excellence 
of the books written about it for the 
layman. These avoid the abstruse and 
involved reasoning of the scientist, on 
the one hand, and, on the other. the 
concrete bread-and-butter details of 
the mechanic; they touch on the realm 
of theory by lucid interpretations of 
the gereral principles of flight, and on 
the practical by revelations of the in- 
genious devices that have been evolved 
to utilize these principles. 


Notes and Reviews 








These items, which are prepared by the 
Research Department, give brief descrip- 
tions of technical books and articles on 
automotive subjects. As a general rule. 
no attempt is made to give an exhaustive 
review, the purpose being to indicate what 
of special interest to the automotive in- 
dustry has been published. 

The letters and numbers in brackets fol- 
lowing the titles classify the articles into 
the following divisions and subdivisions: 
Divisions—A, Aircraft; B, Body; C, Chas- 
sis Parts; D, Education; E, Engines; F, 
Highways; G, Material; H, Miscellane- 
I, Motorboat; J, Motorcoach; K, 
Motor-Truck; L, Passenger Car; M, Trac- 


ous; 


tor. Subdivisions—l, Design and Re- 
search; 2, Maintenance and Service; 3, 
Miscellaneous; 4, Operation; 5, Produc- 


tion; 6, Sales. 





The latest of these books, The ABC 
of Flight, represents high quality and a 
distinct advance in the stage of popu- 
larization it attributes to aviation. Its 
author, W. Laurence LePage, has the 
ability to instruct conferred by many 
years of intimate association with his 
subject. He has had extended experi- 
ence in aeronautical research engineer- 
ing and has long been identified with 
the literature of aviation. He assumes 
that the general reader is interested, 
not only in the theory of aviation, but 
in the processes of manufacture and in 
the actual business of learning to fly. 
In tone his book looks forward to the 
time when the man on the street will 
refer to his plane as nonchalantly as he 
now speaks of his car. 


Ground Transport for an Air Organ- 
ization. By R. E.H. Allen. Published 
in The Journal of the Royal Aero- 
nautical Society, July, 1928, p. 596 

[A-4] 

A self-contained organization for 
maintaining an air fleet needs many 
more types of ground vehicle than of 
aircraft. This is the author’s thesis, 
which he demonstrates in a paper char- 
acterized by one of its discussers as a 
liberal education in the design of spe- 
cialized bodies. 

In the Royal Air Force organization, 
the equipment of which is the basis of 
this paper, existing commercial chassis 
meet all requirements for prime movers 
and for the ordinary transport of goods 
and passengers. Fourteen different 
types of special technical vehicle are 
used in the operation, repair, and de- 
fense of aircraft and are here de- 
scribed, as well as certain miscellaneous 
ground equipment. 

Some of the lines of development dis- 
cerned by the author are: the discard- 
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ing of solid for pneumatic tires; in- 
creasing utilization of trailers; lighter 
chassis more scientifically designed to 
withstand rough usage; a leaning to- 
ward the cross-country vehicle; cyl- 
inder-heads which, by improved turbu- 
lence, make possible the use of a lower. 
grade fuel; the development of easier 
gear-changing; the use of less robust 
chassis that are cheaper in first cost 
and maintenance, rather than expensive 
chassis of long life; and the providing 
of greater comfort for drivers and 
crew. 


Airport Runway and Surface 
ments. By N. H. Angell. 
in Aviation, July 16, 


Treat- 
Published 
1928, p. 176, 

[ A-4] 

This article, which treats a subject 
almost wholly neglected in the techni- 
cal literature and only slightly more re- 
garded in practice, has a special appeal. 
The importance of suitable surfacing 
for airport fields and runways is 
equaled by the difficulty of meeting the 
requirements. Such surface must be 
smooth, true to grade, as resilient as 
possible, free from gravel, and of good 
visibility, to mention a few measures 
of its efficiency. 

After referring to a few of the run- 
ways from which recent long-distance 
flights were launched, the author de- 
scribes some types of surface used and 
comments on their utility from different 
angles. The deduction made from pres- 
ent developments is that surfaces of 
either the asphaltic-concrete or oiled- 
earth type will be considered with spe- 
cial favor in future airport construction. 


Iast-Growing Air Traffic Brings Need 


for Quick Fueling Methods. By 
Roger B. Stafford. Published in 
National Petroleum News, July Ul, 
1928, p. 17. [A-4] 
Oil and equipment companies that 


are awake to the needs of the hour are 
developing means refueling  air- 
planes, to bring to an end the anomaly 
of a means of transportation designed 
essentially for speed being delayed ‘for 
three or four hours to take aboard its 
gasoline supply. 

Descriptions are given of the equip- 
ment installed at the Ford airports at 


of 


Dearborn and Cleveland, the Heil mo- 

bile service-unit at Buffalo, and the 

Bowser stationary set-up. 

Gluing Practice at Aircraft Manufae- 
turing Plants and Repair Stations. 
3y T. R. Truax. National Advisory 


Committee for Aeronautics Technical 
Note No. 291. Published by the Na- 


ticnal Advisory Committee for Aero- 
rautics, City of Washington. 11 pp.; 
1 illustration, [A-4] 


Gluing practice in the aircraft indus- 
try does not compare favorably in gen- 
eral with gluing practice in certain 

(Continued on next left-hand page) 
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DONNER STEEL COMPANY 


Manufacturers of 


ALLOY and CARBON 
STEELS 


Made to S. A. E. Standard Specifications 


Die Rolled Parts 


Rear Axles, Drive Shafts and 
Forging Blanks 


Automotive and General 


Cold Drawn Bars 


Our every modern facility, coupled with 
the earnest desire of our organization to 
cooperate, enables us to serve you well. 


Your inquiries are solicited. 





SERVICE) 





DONNER STEEL CO., Inc. 
W orks and General Offices, Buffalo, N. Y. 


General Motors Bldg. 
Cleveland: Union Trust Bldg. 


San Francisco: 


New York: Equitable Bldg. 
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other industries. This is the summary of observations Made 
on an inspection trip to representative aircraft manufactg, 
ing establishments and repair stations. The investigatig, 





was made for the Navy and covered the period from Noy 
23, 1926, to Feb. 16, 1927. 


After commenting, for the most part unfavorably, on the 
methods of selecting and applying glues, the author recom. 
mends that all glues be tested in strict accordance with Gg. 
ernment specifications; that methods of mixing casein gine 
be improved and standardized; that the personal factor be 
eliminated insofar as possible in applying the glues; that 
a more extensive use be made of pressure in gluing; and 
that excess glue squeezed out at the joints be removed, 


BODY 
Les Carrosseries au “Concours d’Elégance.” By A. Caputo, | 
Published in Omnia, July, 1928, p. 92. [B-1] 


Somewhat similar in aim to the Automobile Salon of this | 
Country, the Concours d’Elégance has established itself ip 
France as an annual demonstration of elaborate and care. | 
fully designed body-work. This year’s assembly embraced 
more than 250 vehicles, for the most part closed and con- 
vertible models, the comparatively few open-car entries he- | 
ing of the sport type. | 


The winner of the first prize, a sedan on a sleeve-valve | 
Panhard chassis, is stated by the author to satisfy the re- | 
quirements for an ideal body for French usage. It is light | 
and silent, its use makes possible both economy and speed | 
in running, and it has every provision for the comfort of the | 
passengers. The seats are convertible into beds, receptacles | 
at the side of the car accommodate extensive picnicking out- | 
fits, and the baggage carriers are ample. | 


Besides describing this and other winning cars, the article 
indicates what are thought to be the desirable trends of de- 
velopment: the combination of beauty of line with comfort, ! 
a desideratum calling for the cooperation of chassis and | 
body builder; completeness of outfitting; and lighter weight, 
er at least weight in proportion to the power of the engine. 


CHASSIS PARTS 


India Rubber as an Auxiliary to Suspension. By F. be 
Lanchester. Published in The Automobile Engineer, 
June, 1928, p. 226. [C-1) 
While a suspension could be designed in which steel is | 

wholly replaced by rubber, according to the author, he advo- 
cates a much less radical procedure and the regarding of 
rubber, for the present, as an auxiliary. Two examples ate | 
given of such applications, in the motorcoach of the Ass0- 
ciated Daimler Co., Ltd., and in a system adopted by the} 
author to overcome the inherent defect in suspensions of 
the “buckboard” type characterized by quick-period pitch: | 
ing. 

Advantageous uses of the carefully designed rubber 
auxiliary-spring distinguished by the author are: to take | 
the place functionally of the shock-absorber; to diminish 
the quantity of steel in laminated springs, and, by ulti-| 
mately acting as a buffer, to prevent excessive - spring: | 
stress. One of the objections to the use of rubber, that it 
is likely to take a permanent set, is met by pointing out that 
no large part of the static load need be borne bv the rubber 
auxiliary. 

As an introduction to his discussion of the application of | 
rubber to motor-car suspensions, the author describes tests | 
made by him on rubber stock of four qualities. The pur} 
poses of these tests were to determine the modulus of elas 
ticity and the energy coefficient of restitution of the spect 
mens; and they included bouncing or dropped-ball, oscil- 
lating beam, and testing-machine tests. 





(Continued on next left-hand page) 
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Not Undersell 


ORRECT design, finest close-grained 

tough grey iron, expert workmanship 
and unexcelled manufacturing facilities are 
responsible for Quality leadership. 


Built to Excel— Not Undersell. Yet pro- 
duced in quantities (28,703,670 rings shipped 
first six months 1928) that permit remark- 
ably low prices. 


Quality Brand Rings are the best that can 
be made and ‘‘The Best is None Too Good 


for Any Car.” 
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a4 USE -THE-RIGHT-STEEL:FOR:THE:RIGHT-PURPOSE }* 





A Staff of 
Metallurgists 


or 


Field Service 


NDER existing conditions of keen 
competition and changing demands, 
the necessity to “use the right steel 
for the right purpose” frequently calls for ex- 
pert metallurgical advice. Plant executives are 
continually facing unusual problems requiring 
the use of different types of steels or heat 


treatments. 


To meet this need we maintain a staff 
of experts thoroughly trained and experienced 
in steel applications as well as machine design 
and set-up. Without obligation, their service 
is rendered right in the plants of those manu- 


facturers desiring such cooperation. 


UNION DRAWN STEEL Co. 
Beaver Falls, Pa. 


UNION | DRAWN 
STEELS 
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The Automobile Drive-Shaft. By Raymond L. Rolf. Py. 
lished in Transactions of the American Society for Steg 
Treating, July, 1928, p. 72. [C-1} 
This paper outlines briefly in a non-technical way the 

manufacture of the automobile drive-shaft, touching upop 
such features as design, forging, machining, testing, physi. 
cal properties and materials used. It deals also with the 
advantage of using a molybdenum steel to obtain easy ma. 
chinability at high Brinell hardnesses, thus enabling shafts 
to be completely machined in the heat-treated state. 


Testing of Motor-Vehicle Headlighting Devices and Investi. 


gation of Certain Phases of the Headlight Glare Problem, | 


By C. R. Granberry. 
2831. 
Texas. 


University of Texas Bulletin No, 


34 pp.; 16 illustrations. [C-1] 

This bulletin is issued by the Bureau of Engineering Re. 
search of the University of Texas to show the nature of 
the routine and research work carried on in the _ photo- 
metric laboratory of the institution. During the last two 
years most of the routine work has been that of testing 
various types of automobile headlight equipment for the 
Texas State Highway Department. The results of these 
tests and certain discussion regarding the general question 
of automobile headlighting progress are included in this 
pamphlet. 

The first project of the research work described was de- 
signed to determine the effect on vision of headlight bright- 
ness and background contrast, with the time factor re- 
duced to unimportance as far as approximating actual driv- 
ing conditions is concerned.. The second investigation in- 
cluded the factors of brightness and background contrast 
and, in addition, one phase of the time element. 

The experiments were conducted in the laboratory with a 
26-sq. ft. area, representing the road, placed just to the 


Published by the University of Texas, Austin, | 


side of an automobile head-lamp which consisted of a bulb | 


in a bare reflector. A large dome reflector was suspended 
above the road so as to give a sufficiently uniform illumina- 
tion over the entire area. The headlight beam was aimed 
directly at the observer. The road surfaces used were 
black dirt, red gravel and crushed limestone. 


ENGINES 


Le Moteur Diesel Léger Peugeot. By Marc Chauvierre. 
Published in La Vie Automobile, June 25, 1928, p. 241. 


The only novelty noted by the author of this article at the 
1928 showing of commercial vehicles in Paris was a Peugeot 
truck powered by a light Diesel engine. The uniqueness of 
the engine did not consist in the embodiment of any new 


[E-1] 


features, as it was of the ordinary Junkers two-stroke-cycle | 
air-injection type, with two opposing pistons operating in | 


one cylinder. 
plant that merits special acclaim, in the opinion of the 
author, is the overcoming of two of the usual obstacles to 
the automotive use of Diesel engines, as it is both light in 
weight and easy to start. 

The description of the design and operation of the engine 
shows how these two advantages are secured. 


The Coal-Dust Engine Upsets Traditions. By R. Pavolikow- 
ski. Published in Power, July 24, 1928, p. 136. [E-1) 


The accomplishment of the Peugeot power- | 


After 15 years of development and 12 years of practical | 
operation, a vertical 16% x 25-in. single-cylinder four | 
stroke-cycle engine burning coal directly in the cylinder has | 
demonstrated the feasibility of this type of fuel usage, it 


the opinion of the author. 


One advantage claimed for the pulverized coal engine 


as compared with the Diesel engine is that it compresses 
the fuel and combustion-air simultaneously, but keeps them 


(Continued on next left-hand page) 
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TYPE 
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BUILT 
RADIATORS 


McCord built radiators have solved the 
cooling problems of leading makers of 
cars and trucks for more than a quarter 
of a century. McCord originated the 
tubular type radiator and developed it, 
along with the cellular, to its present 
high state of efficiency. Acceptance of 
the superiority of McCord radiators is 
evidenced by the fact that 20 popular 
makes of cars, trucks and tractors are 
now McCord equipped. 
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Our 


Research 
Department 
is Always 


at Your Service 





ROBLEMS involving the 
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separated until ignition occurs. In the Diesel engine, on 
the other hand, the incoming fuel-oil must be heated and 
ignited in the extremely short period afforded by the frac- 
tion of a single stroke. Economy is also claimed, since jn 
Germany 1 b.hp-hr. can be delivered at a cost of $0.12 with 
pulverized coal, whereas the cost with oil would be about 
$0.45. The criticism of rapid wear directed against this 
type of engine is said to have been groved groundless. 


The design, operation and development of the engine are 
described. 


Connecting-Rods. By C. B. Dicksee. Published in The 
Automobile Engineer, June, 1928, p. 208. LE-1] 


For a connecting-rod to be uniformly strong in each di- 
rection, the author points out, its moment of inertia meas- 
ured in the plane of rotation should be four times as great 
as that measured in the plane of the crankshaft. 

This requirement can be satisfied by a number of dif- 
ferent cross-sections, the article continues. The H-section 
commonly adopted for automobile and aircraft engines may 
be made in widely different proportions and still fulfill the 
condition. Accurate determination of the correct cross-sec- 
tion is a tedious process, and recourse generally is had to 
the use for all occasions of a set of proportions known to 
give the values in the correct relationship. 

The purpose of this article is to show that a fixed set of 
proportions is applicable to a given set of circumstances 
only, and also to give a method by which a more correct 
and economical section can be arrived at without trouble, 
An example is given to illustrate the procedure, and a few 
remarks are made on the effects of using materials of dif- 
ferent characteristics. 


Shaft Speeds. By J. Morris. Published in The Automobile 
Engineer, June, 1928, p. 217. [E-1] 
Assuming that, in a shaft design, suitable steps are taken 

to avoid a resonant speed within the running range, the 

next question that presents itself is, Should the running 
speed be above or below a critical speed and by what 
amount? 

An effort is made in this article to investigate the prob- 
lem analytically, to produce data that may assist in its 
solution, and to determine the lightest shaft that will with- 
stand the stresses involved in running. 

The deduction drawn from the analysis is that, if a series 
of shafts of the same length but of varying radii are all 
subject to a torque compounded of two parts, one constant 
and the other periodic, one particular shaft will be subject, 
at a given speed which governs the periodicity of the 
torque, to infinite stress at that speed; that, of shafts whose 
radii are less than that of this particular shaft of radius 
ro for instance, that shaft will be least stressed whose 
radius is r = 0.85 re; and that, of shafts whose radii are 
greater than rc, those for which r > 1.11 re will be less 
stressed than those whose radii are below this value. 
Storage Batteries. 


By Morton Arendt. Published by D. 


Van Nostrand Co., Inc., New York City. 285 pp:; 156 
illustrations. [E-3] 


The practical electrical engineer is appealed to in this 
book, which is a development of the author’s lectures to en- 
gineering students at Columbia University and to officers 
at the Submarine School of the Navy during a period of 
years. It is also based on his experience in battery manu- 
facture and maintenance. 

Such material as can be applied readily to every-day 
problems relating to the manufacture and assembling of 
storage batteries, to questions having to do with their up- 
keep and care, and to their application and usage comprise 
the scope of this treatise. Pure theory has been subor- 
dinated to the requirements of practice, only that theory 


(Continued on next left-hand page) 
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| ANOTHER MANUFACTURER IN THE AUTOMOTIVE 
a INDUSTRY THAT USES & KF BEARINGS 


ne | Brockway Motor Truck Corp. 


may | You men who plan, build, 
the | use or pay for machines of 
any kind, remember this: 
It costs more to replace a 
3 poor bearing than to buy the 
n to best one that GALS ever 

produced. AND StsF 
t of ANTI-FRICTION 
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uble THE WORLD. 


For Silence — No Adjustments — Long-Life 


SKF Bearings are First Choice on Trucks 


all RANSPORTATION that pays dividends to the truck owner 
what depends in great measure on the quality of materials used 
in his equipment. The shocks of starting heavy loads, pound- 
a ing over cobblestones and country roads, plus the steady run 
of miles daily—these are the things which call for strength, 
| durability and a minimum of maintenance to keep trucks on 
the job and out of the repair shop. 


eries 


. SScsi Ball Bearings have been used for years by the 
ject, , 

the Brockway Motor Truck Corporation because first cost has 
hose been recognized as the last cost. Dependability has not been 


— : sacrificed to cheaper or inferior bearings. SAS Ball Bearings 


| well never require adjustment, keep every part permanently in 
less place, and eliminate the destructive effects of vibration. 


SKF INDUSTRIES, INCORPORATED 


y D. 40 East 34th Street, New York, N. Y. 
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This unique Screw 
is its own tap 


cuts a thread into sheet metal 
as you turn it in! 





ARKER-KALON Hardened Self-tapping 

Sheet Metal Screws have revolutionized 
the art of joining sheet metal and making 
fastenings to sheet metal. No longer is costly 
tapping necessary, for these Screws are so wéas to 
threaded and hardened that they cut their “oo ne 
own thread into sheet metal, as easily as a quired. 


wood screw cuts into wood. Each one per- 
forms the functions of a tap. 


Fastening down upholstery, attaching door 
pads, visors and visor brackets, anti-squeak, 
garnish rails, mouldings, trim sticks, wind- F 
shield lifts, scuff plates, window ventilators, ; 
mirrors, robe rails, etc., are but a few of the ‘t— es 
many assemblies on which these unique a hole as in Fig. 
Screws are reducing costs and speeding pro- hole asin Fig.2 
duction . . . by eliminating costly tapping op- 

erations and the use of tapping plates, nut re- 

tainers, clinch-on nuts and other auxiliary 
holding devices. 


Self-tapping Screws present an opportunity 
for savings which you cannot afford to over- 
look. Fill in and return the coupon and we 
will send you samples—without obligation. 
PARKER-KALON CORP., 198-200 Varick St., New York, N. Y. 


Distributed in Canada by Aikenhead H’dware, Ltd., 
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a 
which explains in a general way storage-battery chemistry 
and cell characteristics being taken up. In connection with 
the latter, the author studies plate construction and the 
diffusion of electrolytes as controlling factors. 

No less than 18 specific major uses are listed and ex. 
plained in the last chapter, which deals with storage-bat- 
tery applications. In this connection, it is interesting to 
note that, although the storage battery is relatively an old 
device, its manufacture has become an important industry 
only within the last 15 years. This growth, represented by 
an increase in the value of total sales from $12,000,000 to 
$100,000,0C0 a yoar from 1914 to 1924 and an increase in the 
quaniity of plate material used yearly from 40,000,000 to 
200,000,000 Ib. over the same period, is traced to the intro- 
duction of automobile lighting and starting equipment and 
the wide use of radio receiving sets. 


MATERIAL 


The Geslogy of Petroleum and Natural Gas. By Ernest 
Raymond Lilley. Published by D. Van Nostrand Co., 
Inc., New York City. 523 pp.; 173 i!'!strations. [G-1] 
The story of oil is here told as it my b» read from the 

composition of the material itself and from the rock and 
sand formations that attend its occurrence. Upon the mute 
evidence of centuries of cosmic activity, theories are built 
as to the origin of the precious liquid and its course through 
the earth until it is found by man. Deductive reasoning is 
then applied to develop the scientific principles on which 
should be based the search for new producing areas. 

Scholarly in its careful accumulation, examination and 
orderly arrangement of data, the book will be readily in- 
telligible to the reader not versed in this particular branch 
of science, because of the clarity of its language and its 
avoidance of abstruse technicalities. 

It will find lay readers of two types: the one interested, 
from a scientific viewpoint, in the origin of substances, and 
the practical man bent on knowing how they may be prof- 
itably discovered and utilized. 

For the petroleum geologist it will prove a handy refer- 
ence book, as it embodies brief statements of the principles 
of the science and examples illustrative of their application. 
It is a well-coordinated summary of the large mass of data 
that, because of the great activity of the oil industry, has 
been collected in the last 70 years. 


Applied Elasticity. By S. Timoshenko and J. M. Lessells. 
Published by Westinghouse Technical Night School Press, 
East Pittsburgh, Pa. 544 pp.; 391 illustrations. [G-1] 
Two engine problems that are receiving attention in auto- 

mobile and aeronautic engines at present are those of vibra- 
tion and of weight reduction. So much material bearing on 
these two subjects is contained in the book Applied Elas- 
ticity that it merits mention as an important, if not a new, 
contribution to their study. 

The first section of the book is analytical, containing some 
advanced chapters devoted to the theory of the strength of 
materials. Some solutions based on the mathematical the- 
ory of elasticity are also presented for those cases of stress 
distribution in which elementary methods cannot give sat- 
isfactory results. An entire chapter in this section is de- 
voted to problems on dynamical stresses produced in moving 
machine-parts by inertia and vibrations. After a review 
of the general theory of vibration of elastic systems, seV- 
eral practical problems are discussed, such as critical speeds 
of shafts, torsional vibrations of shafts, and stresses pro- 


duced during impact. 


The second section contains information on the mechani- 
cal properties of materials, principally metals, used in mod- 
ern construction. The great variety of special materials 
now employed can be intelligently applied only after a care- 
ful study of the characteristics of each, the demand for 
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sion Ball Bearings 
with “Hoffmann” Pre- 
cision Roller Bearings, 
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yet failed to justify the 
judgment of the engi- 
neers and designers 
who specified them. 
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ee 
weight economy making this study all the more imperative, 
For this reason the chapters on the experimental testing 
of metals have distinct value, especially the final culmina. | 
tion, the chapter on working-stresses. In this the numerica| 
data obtained for commonly used and special steels are pre. 
sented so that they can be used immediately. Various 
methods of proportioning the limiting stress-values in de. 
sign are also given. 


cee RI 


eR RT 


Properties of Materials at High Temperatures; No. 3, Note | 
on the Creep of Armco Iron. By H. J. Tapsell. Depart. | 
ment of Scientific and Industrial Research, Engineering | 
Research Special Report No. 6. Published by the Depart- 
ment of Scientific and Industrial Research, London, Eng. 
land. 11 pp.; 2 illustrations. [G-1] 


Experiments described in this report were made with the | 
object of gaining further knowledge of the creep charac. | 


teristics of metals at high temperatures, Armco being used 
as a metal peculiarly susceptible to this phenomenon, 
More specifically, they were undertaken with a view to illus- 
trating clearly the incidence of a hardening effect observed 
during previous experiments, and to show that, at any rate 
within the range of temperatures investigated, 302 to 734 


deg. fahr., both strain-hardening and temperature-hardening | 


of Armco iron occur during creep, and that at temperatures 
below the limiting creep-values, continued stress appears 
to be accompanied by a decrease of plasticity, resulting in 
the final attainment of perfect elasticity up to the stress 
applied. 


Bearing Metals. By E. C. Wadlow. Published in The 
Automobile Engineer, June, 1928, p. 221. [G-1] 
The author puts the investigation here described in the 

category of practical research, dealing with commercial 
materials and attempting to supply data of direct value to 
the designer, as distinguished from the purely scientific man 
concerned with fundamentals and employing ideal condi- 
tions. 

Arising out of an inquiry as to the suitability of cold- 
drawn and extruded tubes for plain-journal bearings, the 
investigation embraced 14 different bearing materials, 
among them the following: tin and lead-base white metal, 
cast phosphor-bronze, cold-drawn phosphor-bronze tube, 
sand-cast lead-bronze, chill-cast gun-metal and phosphor- 
bronze, annealed phosphor-bronze, extruded brass _ tube, 
sand-cast zine-bronze, and aluminum-zinc alloy. The per- 
formance of the material under test was gaged by using 
it as the bearing in a machine modified for the purpose. 

Among the facts thought to have been demonstrated by 
the investigation are the superiority of the tin-base white 
metal, the detrimental effect of zinc, the unsatisfactory per- 
formance of most of the materials tested, and the lack of 
relationship between the Brinell hardness-numbers or 
microstructures and figures of merit. The cold-drawn phos- 
phor-bronze tubing, the worth of which was the main in- 
terest of the research, was found to be not very satisfactory. 
For light work, the author concedes, it will probably give 
good results, but where conditions are onerous the use of 
tin-base white metals or suitably cast phosphor-bronze is 
advisable. 


Mineral Resources of the United States in 1925: Part 1, 


Metals; Part 2, Non-Metals. By Frank J. Katz. Pub- 
lished by Bureau of Mines, City of Washington. 768 pp.; 
615 pp. [G-3] 


The accumulation of statistics for 1925 on the production 
in the United States, and the imports and exports, of min- 
erals makes these two volumes of value for reference. Some 
information on the uses of the various materials is also in- 
cluded, as well as figures indicating the extent of foreign 
sources, where these are considerable. 
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eo Constantly clean filter surface makes 
aac. oil better than new. Prolongs car life, 
’ used 
enon, helps dealers sell cars. 
illus- 
served ‘ . o.° ° P ae ° 
y wale The Clearifier is as positive in operation as it is simple in 
0 734 design. Just turn the knob and the used filter area is 
lening reeled away while fresh area is exposed. It works like a 
atures : ° 
weirs paper roll towel, which gives each user a fresh, clean 
ing in | surface, in contrast with other filters which are like a 
stress single face towel. 
* The Clearifier contains several times the filter area of 
(G11 ordinary filters. Due to this, and because of its exclusive 
= reel feature, it removes all the dirt all the time. The 
ercial | ordinary filter removes only the larger particles, and then 
lue to | clogs to the point where it adds rather than extracts dirt. 
cman | 
condi- |  Traffic-Tests show that the Clearifier functions at 100 
aa per cent efficiency for ten to twenty thousand miles, 
s, the after which a new filter cartridge is dropped into it. Car- 
“a tridges are low in cost and for sale everywhere. 
metal, | 
tube, | By making the oil even cleaner than new, the Clearifier 
bes brings better engine performance and longer car life. It 
> per | __ helps sell cars and keeps them sold. Demonstrations on 
using your cars now available. 
se. 
pt STEWART-WARNER SPEEDOMETER CORPORATION The Clearifier is built on 
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Pub- exposing fresh surface. 
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| Pita Wisconsin Motor 
i §=6against a really tough job— 
| like a thousand consecutive 
hours under full load—and 
you will agree with the com- 


mon verdict of Wisconsin 
usefa; “Its a great per- 
former.” 





Add to this its often-proved 
Mi} economy and its extremely 
| low repair costs — and you 
i =6have ample reason for trying 
out a Wisconsin in your prod- 
uct. A test motor will tell you 
far more than we can. 





Wisconsin Motor Company 
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As is shown by statistics assembled in this report, the 
total value of mineral products of the United States in 1925 
was $5,677,630,000. The total value of metallic products, 
of which 30 are listed in Part 1, was $1,380,380,000. Non. 
metallic minerals, excluding fuels, of which slightly more 
than 30 are covered in Part 2, were produced to a value of 
$1,232,420,000; while the output of the four fuels—coal, 
petroleum, natural gas and natural-gas gasoline—had an 
aggregate worth of $3,058,680,000. 

Two of the general comments made on the statistics are 
of particular interest. The movement in the refining indus- 
try is said to be toward greater efficiency of operation, 
either by consolidation or improved methods. In the second 
place, the imports of chromium for 1925 were the second 
largest in the history of this industry, part of the increased 
ccnsumption being attributed to the greater utilization of 
stainless steel and non-corrosive alloys. 


MISCELLANEOUS 


Mechanics for Engineers. By Julian C. Smallwood and 
Frank W. Kouwenhoven. Published by D. Van Nostrand 
Co., Inc., New York City. 185 pp.; 204 illustrations, 

[H-3] 


In contributing this book to the flood of available litera- 
ture on the subject, the authors claim nothing new except 
an arrangement and a selection of material, a combination 
of problems with text for the exercise of the best pedagogy, 
and an emphasis upon subjects important to engineering 
students, with corresponding omission or reduction of less 
important ones. 

The material is arranged so that the easier problems 
come first, with only enough definitions presented to cover 
that part. Notions of velocity and acceleration in pure rec- 
tilinear and rotative motion and the relations between them 
are given just before the topics of kinetics. Subjects such 
as the friction circle and the motion of projectiles are 
omitted because it is thought that the average engineering 
student, after graduation, has no use for them. Problems 
are interspersed through the text in such a way that the 
student cannot read very far before he meets an illustra- 
tive problem, followed by several others for him to solve. 
The physical interpretation of all the equations and laws 
presented is emphasized. 


MOTORCOACH 
City Transportation Expands on Rubber. By R. E. Plimp- 
ton. Published in Bus Transportation, July, 1928, p. 382. 
[J-4] 
This article is unusually comprehensive, describing the 
motorcoach transportation systems in nine urban centers 
ranging from 25,000 to 500,000 population. The localities 


were selected because they were thought to be typical of 
the many cities in the under-half-million class that must 
depend largely on surface transportation for the daily or 
periodic movement of their inhabitants. 

In each case an appreciable part of the public passenger 
transportation is being supplied by the motor carrier. 
Otherwise, conditions vary widely, one city having munici- 
pal ownership while another ignores the trend toward uni- 
fication, one stringently restricting facilities to the mini- 
mum required for efficiency and another lavishly providing 
too much transportation, and so forth. 

The information given was gathered by the author on per- 
sonal visits to the nine cities. It includes data on the size 
and layout of the localities, the extent of motorcoach fa- 
cilities, the earnings of the companies, and any outstanding 
peculiarities in operating methods or in conditions to be 
met, 
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HE engineer specifying a carburetor for a 
year's series of motor cars knows that it is 
not the performance of one or two cars—not 


a the results obtained from a week’s horsepower 
3) | tests on the dynamometer under the delicate ad- 
tera- | justment of a skilled operator that determines 
es the desirability of a certain type carburetor — 
ZoRy, | but good performance from thousands of car- 
"laa buretors—both foreign and domestic, winter 
sau and summer. 

cover | Tyra? ft ; a Good performance on the same adjustment 
“ater 4 in Death Valley and up Pike’s Peak won Strom- 
a berg Plain Tube Carburetors the favor of the 
ering | production, service, sales and engineering de- 
me | partments of conscientious manufacturers. 


DEATH VALLEY 


stra- | AF A 310 jt. below The latest development of the Stromberg lab- 

solve. sea level ; : nneelles . 

laws , a oratories is the Model “U” Syringe Carburetor. 
Designed to provide maximum power and 

speed, as weil as extraordinary smooth opera- 

tion when engine turns over slowly. 


emeene 


limp- 


a The ingenious pump attachment (called the 
- | Syringe) gives that quick, snappy acceleration 
nt that is the delight of the modern motorist. 
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Excellent performance without sacrificing 
economy in fuel consumption. 
Allow us to give you a demonstration. 
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MAKE bearings 


‘permanently’ 
OIL TIGHT with— 


Babbitt 


NASSAR 


| Double ~<Action ~ Non-Curling ] 


_ SHIMS 


Surely the good will of the owner is worth the small 
cost of a few shims, when these shims indirectly 
make the motor run better, last longer, use less oil, 
and cost less to service. Higher oil pressure makes 
high-compression motors run better and last longer. 
NATIONAL Double-action Non-curling SHIMS (Babbitt 
tip type) facilitate higher oil pressure, they make bearings 
completely and ‘permanently’ OIL TIGHT— 360% of bearin 
surface full length of bearing, no gaps at bearing en 
through which oil can escape, no danger of tips breaking 
off or ae loose because they are cast on the main shim 
leaf. NATIONAL Shims also prevent bearings losing their 
adjustment, they do not compress under bolt pressure, layer 
on layer of hard brass, nothing between. Leaves already 
separated for quicker, easier service adjustments. Submit 
blueprints for prices. Designs and suggestions by our 
Engineers upon request. 


1. Unit (laminated type) shims 
3. Steel shims 


2. Babbit-faced shims 
4. Steel bronze-faced shims 5. Steel liners 


6. Copper liners 7. Brass liners 


NATIONAL MOTOR BEARING CO., Inc., Mfrs. 
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A Survey of Railway Motorcoach and Motor-Truck Opens | 
tion. Published in Railway Age, June 23, 1928, Pt,» 
p. 1468. [J-4| 


Figures can best tell the story of the expansion of the uy) 
of motor-vehicles by the steam railroads. The significay 
statistics for motorcoach operation are: 





1928 197 
Number of roads operating motorcoaches 64 Fl 
Number of motorcoaches operated 1,047 8 
Number of motorcoach routes operated 340 
Aggregate motorcoach route mileage 14,805 8,00, 


Progress in railroad motor-truck operation is sup] 
marized as follows: ' 


1928 192 
Number of roads operating trucks, tractors 
and trailers 49 4) 
Number of trucks, tractors and trailers 
operated 4,902 3,30 
Number of routes and terminals served 298 opi! 
Aggregate motor-truck route mileage 3,521 


These figures are the totals obtained in surveys conducted! 
hy Railway Age. The details for the census completed m/ 
June 1, 1928, published in this article, include the name! 
of the railroads and their operating companies, the numben| 
of vehicles operated, total miles of line, routes operate) 
and mileage of each, and the date of initiation of service 


PASSENGER-CAR 


The Campbell-Napier Car. Published in The Automobil 
Engineer, June, 1928, p. 194. [L-l 


This car, specially built for the definite purpose of a) 
taining a speed of 210 to 220 m.p.h., contains not a singk/ 
standard component, aside from the engine ports. This d/ 
scriptive article embodies a close examination of the desig] 
and production methods responsible for the evolution of: 
world speed-record winner. In the opinion of its designer| 
the car is capable of rewinning its laurels from Ray Keech 
who, after its first run, attained a higher speed. 

Of the many interesting and original features of the lay} 
out, the epicyclic gear receives the most distinctive maj 
tion. Its main recommendation is the elimination of frit} 
tional braking surfaces for the purpose of obtaining uf 
torque, the satellite carriers being brought to rest positive) 
and the power transmitted without the least friction, Th! 
efficiency of the gear is said to be so high that, by a slight 
pressure of the thumb on the satellite wheel of the secont 
speed element when in gear against the resistance of th 
primary shaft coupled to the engine, the car can be made ti} 
crawl. 





Auswertung der ADAC Gebrauchs und Wirtschaftlic) 
keitspriifung 1928. By Slevogt. Published in Der Me’ 
torwagen, June 30, 1928, p. 401. [L-4) 
For the sake of those interested in automobiling as! 

sport and of purchasers of motor-cars, the author says tha] 

tests should be made of the general performance and abililj 
of the various makes of car on the market. The road triall 
of the General German Automobile Club, organized to fl 
this need, were opposed in German industrial circles bt 
received the support of the Ministry of Transport. 
According to the detailed account given in this artick| 

32 cars were entered in the competition, the following make!) 

being represented: Ford, Adler, Brennabor, Steyr, Dit} 

Hanomag, Opel and Wanderer. The entries were divide 

into two, four and six-passenger classes. 

ance features measured were starting ability of both ® 
engine and the car as a whole; acceleration both in dire 
drive and through gears; the minimum and maximum spe] 


(Concluded on next left-hand page) 
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e of a French & Hecht built-up steel wheels for trucks and 
i |, . . 

This of busses offer certain important advantages— 

oa Here is a steel wheel without excessive weight 

esigner built to stand up under the most grueling 

y service. 

fe It is of the steel spoke type. Each spoke is 

. of ie forged in the hub and riveted to the rim. 

ning th 

rositivel French & Hecht wheels are always mechan- 

2 ically correct and extreme accuracy in their 

e secott| French & Hecht Steel Wheels manufacture is rigidly adhered to. 

“e of th for Dual Pneumatic Tires 

, made ti} eevees arent aaa and French & Hecht has specialized in the manufacture of 

re in wel ° 
| Bach spoke is forged under steel wheels for 40 years, and has developed wheels for 
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say? = The steel spoke construction 
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. artichl Convenience in applying Wheel Builders Since 1888 
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QUALITY PENCIL 
m™ TFHE WORLD 


ENCILS are the drafts- 
man’s first requirement 
—VENUS is the pencil—17 
black degrees, 3 copying. 


American Pencil Company 
532 Willow Ave. Hoboken. N. J. 
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in direct drive; fuel consumption; hill-climbing ability, ang | 


steering. Efforts were also made to arrive at the genera] 
dependability and maneuverability, riding-qualities ang 
wear resistance of the cars. 


In the accumulated scores for all items, a Ford car was 
rated highest in the two-passenger group, with an Adler 


second; three Adlers took the first three places in the 


four-passenger group; three Brennabors duplicated this | 
performance for the six-passenger division, with the Adler, | 


the only other entry in this class, in fourth place. 


Welding in the Ford Industries. By M. L. Eckman. Pwyb- 
lished in Journal of the American Welding Society, May, 
p. 31; June, 1928, p. 44. (L-5] 
Welding is not only the world’s best assembly method 

but is also the keystone on which rests the further develop- 

ment of the best manufacturing methods now in use. This 
is Henry Ford’s attitude toward welding, as interpreted by 

the author, and it led Mr. Ford to turn his plant into a 

great welding laboratory, with results described in this 

article, 

Electrical resistance flash-welding is used, and the part it 
plays in the production of the following assemblies is dealt 
with: rear axle, differential housing, differential ring-gear, 
hand-brake lever, muffler, wheel, battery support, steering- 
gear, fan, doors and frame, and fuel tank. 


The Tractor Field-Book, with Power Farm-Equipment Speci- 
fications. Published by Farm Implement News Co., Chi- 
cago, 141 pp. [M-3] 


This book, which assembles in one volume many miscel- 
laneous facts, well fulfills its mission of being a compilation 
of value to those who make, sell or use equipment for power- 
farming. 


Four sections are included. The first contains specifica- 


tions of combines, husker-shredders, shellers, silo fillers, 
threshers, and tractors; and illustrated descriptions of the 
last-named are given. The second section includes such 
items as the results of Nebraska tractor tests for current 
models, tractor production and distribution, and sizes of 


various tractor replacement parts. Classified lists of parts | 


manufacturers make up the third division; and in the fourth 


are articles giving directions for the operation and ser- 


vicing of tractors. 


Inspection Methods and Their Application. By Fred H. 
Colvin. Published in American Machinist, Aug. 2, 1928, 
p. 183. [M-5] 


Growing away from the old attitude that the duty of | 


the inspector is to reject as much work as possible, inspec- 


tion departments generally are adopting the more modern | 


view that their mission is so to cooperate with the pro- 
duction department as to secure the greatest number of 
pieces that will function properly in the completed mech- 
anism. 


This is the conclusion that may be drawn from the pres- 
ent article, which reviews the general theory of various 
methods of inspection and gives some specific examples of 
apparatus and procedure. 


A large portion of the article deals with the practice of 
the Caterpillar Tractor Co. This company is said to im 
spect thoroughly and check important castings before send- 
ing them to the machine department. A test for possible 
leaks and a method of checking all the portions of a cast 
ing that have to be machined or that affect clearances of 
moving parts are described. 


An example of the inspection of forgings found in the 
Caterpillar plant is also cited. This inspection method 
used in connection with the side links in the track that 
forms the caterpillar-tread. 
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| 1200 R.P.M. || | 


| MODEL 6-RB | 


Engines that must always stretch to 
100 reach the normal power demand are 
like men constantly on tip toe--they soon 
isi i. © - get flat feet. Motor coaches equipped 
with engines that don’t need to stretch 
Easy can cover more miles on faster sched- 
ule, and haul more passengers in vibra- 
tionless comfort, with less lost time 
and at lower operating cost, than the 
over stressed variety. And that’s that! 





These b.g, low-speed Waukesha Six-Cylinder Motor 
Coazh engines have been proved by months of con- 
tinuous night and day testing at way over 100 H. F. 
These tests demonstrate conclusively the merits of the 
genuine “Ricardo” cylinder heads, dual-cast “trunca- 
ted” non-rocking cylinder blocks, filtered oil lubrica- 
tion, 34%" chrome nickel crankshafts, and super-rigid 
“girder” type crankcase. If your engines have flat feet 
you should write for new special bulletin No. 681. 


A-860-L AUTOMOTIVE EQUIPMENT DIVISION 

WAUKESHA MOTOR COMPANY 
Waukesha Wisconsin 
Eastern Sales Offices Eight W. 40th Street New York City 


URES RNR RRR I RITE ERS SE ETT |S AAR REE + 
Exclusive Builders of Heavy Duty Automotive Type Engines for Over Twenty Years 
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An entire plant devoted to 


Thrust Bearing Manufacture 





AETNA THRUST BALL BEARINGS are 
manufactured in a modern plant devoted en- 
tirely to thrust bearing manufacture. Inspec- 
tion from raw material to finished bearing in- 
sures a fine product under AETNA scientific 
and precise methods. AETNA Thrust Ball 
Bearings ultimately serve the car owner with 
that excellent performance so necessary in 
this age of friction-free operation. 


The Automotive Industry recognizes AETNA 
as a standard source of supply. Proof of 
this lies in the fact that AETNA Bearings 
are used by practically the entire industry. 
Our strict policy of “Precision to Specifica- 
tions” has earned for us a reputation as ““Spe- 
cialists in the Industry.” Let the AETNA 
Staff of Engineers help you solve your thrust 
bearing problems. 


Write for the new AETNA Engineers 
Catalog giving complete mformation on th 


AETNA line of Thrust Ball Bearings. 


Aetna Ball Bearing Mfg. Company 
2745 High St. Chicago, III. 


AETNA 


THRUST BALL BEARINGS 





if JOURNAL 





September, 19% Septem 


Personal Notes of the Member 


. (Continued from page 331) 








7 ———_ 
Metal Body Co., in Ohio, is now body draftsman for Log 
& Co. at Rochester, N. Y. 







Roy F. Anderson has been promoted from the positiog 
chief engineer of the Hayes Body Co., of Grand Rapj 
Mich., to that of vice-president in charge of engineer 
for the same company. 





Howard Brooks recently formed a connection as mecha 
ical superintendent for the Charcas, Mexico, unit of the (j 
Minera Asarco, of South America. He formerly acted x 
assistant superintendent of the American Smelters Secu’ 
ties Co., Velardena, Durango, Mexico. | The “S 


Raymond J. Burgh, who recently completed his studies q foe 
Purdue University, has accepted the post of assistant in me! lee 
chanical engineering in Brown University, Providence, R. 1} World. 

Ralph B. Burton, formerly a consulting engineer at }y) 
dianapolis, has established a connection with the Johnsm 
Motor Co., of Waukegan, III. 


Frederic Canali, previously a member of the engineerin 
staff of the Hupp Motor Car Corp., Detroit, has joing 
the forces of the Checker Cab Mfg. Corp., Kalamazoo, Mic) 


Dudley Chambers recently severed his connection wit) 
the American Cable Co. to become assistant chief engines} 
of the Universal Motor Co., Oshkosh, Wis. ] 


Sih-van Chang recently entered the service of Dodp 
Brothers, Inc., Detroit, as a student. Prior to making thi 
connection Mr. Chang was a student at Cornell University 


William C. Colton, Jr., has been promoted from the pos 
tion of chief designer to that of general superintendent ( 
the North American Watch Co., at Mansfield, Ohio. 


Arthur R. Constantine, a former member of the engines} 
ing force of Harley-Davidson Motor Co., Milwaukee, recentij 
accepted the position of chief engineer for the Excelsie} 
Motor Mfg. & Supply Co. at Chicago. 


S. J. Cooper recently left the Freed Motor Co., of Miami} 
Fla., where he was employed as service manager, to accept 
a similar position with the John H. Thompson Co. in De 
troit. 


' 


H. S. Dale, student at Purdue University, has been em 
ployed by the Glenn L. Martin Co. at Cleveland in a tj 
signing capacity. | 


Shen how Fong, who has been studying at Cornell Um) 
versity, is now associated, in the capacity of surveyor ami 
draftsman, with the Department of Public Works, Divisiatl 
of Highways, of the State of New York. 


Frank Free has joined the Alexander Aircraft Co., Co 
orado Springs, Colo., as sales promotion manager. IM! 
Free will also be engaged in engine experimental work. 


G. O. Goller recently sailed for Europe to assume his ne? 
duties with the General Motors G.M.B.H. in Berlin-Borsif 
walde, Germany. Mr. Goller was previously body enginet 
for the Fisher Body Corp. 


J. Allen Good, a former student at the University of Ne 
braska, is now cadet engineer with the Bailey Meter (4 
located at Cleveland. 


V. F. Halliburton became purchasing agent on Aug. 1 ff 
the Spartan Aircraft Co., of Tulsa, Okla. He was formetl 
assistant purchasing agent for the Mid-Continental Pett 
leum Corp., located in the same city. 


D. S. Harder has resigned as director of the standatl 
department of the Durant Motor Co., Elizabeth, N. J,@ =" 
become affiliated with the Edward G. Budd Mfg. Co. 
works manager of its Detroit division. 





(Continued on next left-hand page) 
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The “Southern Cross’ landing at Sydney, 
Australia, at the end of its epochal flight 
tudies a) from California to Australia, via the Ha- 
it IN mM) waiian and Fiji Islands. Photo from Wide 


First Across 
The Pacific! 


with Vanadium Steel on the “Southern Cross” 


One of the pilots of the ‘Southern Cross’’, 
alighting at Brisbane, Australia, after the 
last and most harrowing lap of the history- 
making flight. Photo from Wide World. 





N the “Southern Cross”, landing 

gear axles were made of Vanadium 
Steel, heat-treated in the plant of Hall- 
Scott Motor Car Co., Berkeley, Califor- 
nia. These Vanadium Steel axles replaced 
those of other material which weakened 
under the weight of the’plane and its load. 


Powering the “Southern Cross” were 
three of the Wright Aeronautical Cor- 
poration’s “Whirlwind” J-5 Engines, in 
which most of the gears, practically all 
nuts, studs and screws, many plugs, pins 
and washers, as well as magneto coup- 
ling parts, valve springs and balance 
weight pins are made of Vanadium Steel. 


Propeller hubs, too, were Vanadium 


JOURNAL 






Steel, made by Standard Steel Propeller 
Company, West Homestead, Pa. They 
were machined from heat-treated forg- 
ings of Chrome-Vanadium Steel. 


For every automotive application where 
great strength, toughness and resistance 
to fatigue are required, there is a Vana- 
dium Steel which will provide the depend- 
ability that characterized the perform- 
ance of the Vanadium Steel parts on 
the “Southern Cross”. Write for complete 
data. 


VANADIUM CORPORATION OF AMERICA 
CHICAGO NEW YORK DETROIT 
Straus Bldg. 120 Broadway Book Bldg. 


Plants at Bridgeville, Pa., and Niagara Falls, N. Y. 
Research and Development Laboratories at Bridgeville, Pa. 


VANADIUM STEELS 


for strength, toughness and durability 
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Where 


motor car endurance 


Starts 


The endurance of a motor car depends to a great 
extent upon the quality of the alloy steel of which 
the vital parts are made. If the steel does not have 
strength and endurance the most careful design and 
workmanship in your plant will not produce parts 
that will stand severe service. 


The long experience and unmatched facilities of the 
Bethlehem organization are assurance that when you 
purchase your alloy steels from this source of supply 
you have made a good start toward obtaining the 
quality that you desire in your finished product. 


If you are not already a user of Bethlehem Alloy 
Steels it will pay you to try them. You will be 
pleased, not only by the quality of the steel, but 
also by the excellent service and close adherence to 
delivery schedules made possible by the equipment 
and organization of the Bethlehem Alloy Steel 
Plant. 


Bethlehem Metallurgists will gladly consult with you at any time. 


BETHLEHEM STEEL COMPANY 


General Offices, BETHLEHEM, PA. 
DISTRICT OFFICES 


New York Boston Philadelphia Baltimore Washington Atlanta 
Pittsburgh Buffalo Cleveland Detroit Cincinnati Chicago St. Louis 
San Francisco Los Angeles Seattle Portland Honolulu 


Bethlehem Steel Export Corporation, 25 Broadway, New York Cit) 
Sole Exporters of Our Commercial Products 


BETHLEHEM 


ALLOY STEELS 





September, 1998 


Personal Notes of the Members 


Continued 








ee 


L. H. Hazard now holds the position of superintenden 
for the Rock Island Mfg. Co., of Rock Island, Ill.  Prig, 
to this connection, Mr. Hazard was works manager of the 
O. E. Szekely Corp., at Holland, Mich. 


F. E. Hoffman, formerly inspector of airplanes and ep. 
gines at the Atlantic Aircraft Corp., Hasbrouck Heights, 
N. J., has accepted a position with the General Airplane 
Corp., of Buffalo. 

Marion W. Hughes, who has been a student in mechanical 
engineering at Ohio State University, recently became aggp. 
ciated with the Landis Machine Co., of Waynesboro, Pa., jn 
a designing capacity. 


ee ee rn 


Everett U. Irish, having completed his engineering course 
in Swarthmore College, Pa., is now serving the Inter. 
national Motor Co., located in Allentown, Pa., as an appren. 
tice engineer. 

Chester C. Jackman, a former employe of the Apollo 
Magneto Corp., lately joined the engineering staff of the 
Rajah Co. of Bloomfield, N. J. 

Leon J. Jurzek, of the Ford Motor Co., has been pro. 
moted from his former position of factory manager in the 
lamp plant, to that of superintendent of aircraft production, 

Thomas J. Kiely, associated with the automotive division 
of the American Bosch Magneto Corp., of Springfield, Mass., 
has been promoted from assistant chief draftsman to chief 
draftsman. 


Alfred L. Kiewit, a graduate this year of the college of | 
engineering, Ohio State University, has been made test en. | 
gineer at the Columbia power station of the Union Gas ¢ | 
Electric Co., of Cincinnati. 

John A. Kraus, for the last four years sales engineer 
in the eastern district for Hercules Motors Corp., of Can- 
ton, Ohio, is no longer serving in this capacity. His future 
plans have not been announced. 

Albert B. Kyle, formerly service superintendent of the | 
W. P. Herbert Co., of Los Angeles, now owns and operates | 
the D & D Garage, in the same city. | 

Charles H. Lawlor is now engaged in experimental work | 
for the Buda Co., of Harvey, Ill. He was previously a 
student in mechanical engineering at the University of 
Illinois. 

E. L. Ludvigsen recently established a connection with the | 
Fuller & Sons Mfg. Co., of Kalamazoo, Mich., where he will | 
assume the duties of sales engineer. Prior to accepting 
this position, Mr. Ludvigsen served as foreman of inspection | 
for the White Motor Co., of Cleveland. 

Maxwell F. MacNally has been made manager of the sur- 
vey and engineering department of the RE-BO Co., Inc, 
Syracuse, N. Y. Previous to this appointment Mr. Mac- 
Nally was sales engineer for the S.K.F. Industries, Inc. 
located at Buffalo. 

Robertson Matthews has announced his intention of fol- 
lowing research and development engineering work inde- 
pendently for a time. He was formerly identified with the 
research laboratories of the Detroit Edison Co. 


A. L. Morse, formerly aeronautical engineer for the At 
lantic Aircraft Corp. at Hasbrouck Heights, N. J., is now) 
research engineer for the General Airplanes Corp., of Buf- 
falo. i 

Otto G. Muller has been transferred to the Plainfield, 
N. J., branch of the International Motor Co. This change} 
does not affect Mr. Muller’s position as a member of the 
engineering staff. 


Lieut. Erik H. Nelson recently established a connectiol 
with the Boeing Airplane Co., of Seattle, Wash. He was 
previously employed by the Curtiss Aeroplane & Moto 
Corp., at Buffalo. 


(Continued on next left-hand page) 
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SHAKEPROOF LOCK 
WASHER CO. 
/ 2307 North Keeler Ave., 
7 Chicago, . III. 


Please send me samples of 
Shakeproof Lock Washers 
i RO EO ii iin eee 
Shakeproof Locking Terminals 
Size 
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MONROE AUTO SERPENT COMPANY 


1404 EAST FIRST STREET 





S. A. 
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SHOCK ELIMINATORS 


ONROE 


HYDRAULIC 





cA Simple, Sturdy 


Proven Device 


ORE and more, automobile 
manufacturers and owners are 
turning to Monroe Hydraulic Shock 
Eliminators—the simplest, sturdiest 
form of hydraulic spring control. 


As standard equipment and in inde- 
pendent use Monroe Hydraulics have 
been rigorouslytested. That they pro- 
vide greater riding comfort and driv- 
ing ease at minimum cost and main- 
tain their efficiency under the hardest 
service is conclusively proved! 


Monroe Hydraulics are as simple in 
design as they are effective in 
operation. A springless relief valve 
governs the escape of oil from the 
piston chamber smoothly and easily 
—so that the severest shocks are 
gently cushioned. A one piece 
actuating arm and cam eliminates 
troublesome moving parts. 


Your customers, too, would appre- 
ciate the advantages afforded by 
Monroe Hydraulics. Why not have 
our engineers equip a test car? 


r) 
K 
Ae 





MONROE, MICHIGA* 


JOURNAL 





| R. L. Schaap, Brooklyn, N. Y. 
| interest in the concern. 


| in engineering, with offices at Vallejo, Cal., 





September, 1928 


Personal Notes of the Members 


Concluded 





Pierre B. Pendill, now sales engineer for the Hall-Scott 
Motor Car Co.., of Berkeley, Cal., formerly served the 
A. C. F. Motors Co., of San Francisco, in a similar capacity, 

W. H. Ragsdale, until lately experimental engineer for 
the A. C. Spark Plug Co., Flint, Mich., has accepted a sim- 
ilar position with the Lycoming Mfg. Co., at Williams- 
port, Pa. 

M. Sasaki, a former student at the Massachusetts Insti- 
tute of Technology, has established a connection with the 
Fairchild Caminez Engine Corp. at Farmingdale, N. Y. Mr. 
Sasaki’s new duties will consist of test engineering. 

Alex K. Schaap, Jr., recently acquired full owrership of 
He previously held a part 


E. F. Schroeder recently became cadet engineer for the 
Corn Products Refining Co., Argo, IIl. 
student at the University of Illinois. 

Charles R. Short, former consulting engineer with head- 
quarters in Detroit, has established a connection with the 
Moraine Products Co., Dayton, Ohio. He will act as con- 
sulting research engineer. 

S. J. Shure, after taking an engineering course at M. I. T., 
lately became identified with the Shure Brothers Co. in 
Chicago. 

Warren H. Smith has accepted the position of draftsman 
with the Four Wheel Drive Auto Co., Clintonville, Wis., 
after attending Purdue University. 

W. S. Stockton, who recently resigned as chassis engineer 
with the Willys-Overland Co., has assumed the duties of 
sales engineer for the Bendix Brake Corp., of South Bend, 
Ind. 

Adam K. Stricker, Jr., a former student of mechanical 
engineering at the Massachusetts Institute of Technology, 
will pursue research work as a of the 
General Motors Corp., in Detroit. 

David W. Thompson has entered upon the student course 
given by the International Harvester Co., Chicago. Prior to 
taking this course, Mr. Thompson studied engineering at 
the University of Wisconsin. 

Norman N. Tilley, associated with the Materiel Division 
of the United States Army Air Corps, Wright Field, Day- 
ton, Ohio, has been promoted from associate mechanical en- 
gineer to mechanical engineer. 

Capt. Edwin S. Van Deusen, upon his recent completion 
of a course in highway engineering and transport at the 
University of Michigan, enlisted in the Quartermaster Corps 
of the United States Army and assumed charge of the 
Quartermaster Corps Motor Procurement Planning office, 
in Detroit. 

Hubert Walker lately severed his connection as chassis 
engineer with the American Car & Foundry Motors Co. to 
accept the post of assistant chief engineer of the pro- 
duction and development division of the American LaFrance 
& Foamite Corp., of Elmira, N. Y. 

John H. Weller, who was until recently general manager 
of the Acme Motor Truck Co., at Cadillac, Mich., now holds 
the position of factory manager of Sargent & Co., located 
at New Haven, Conn. 

P. F. Williams is now engaged in experimental installa- 
tion for the Bendix Brake Co. of South Bend, Ind. He pre- 
viously attended Purdue University. 

Donald K. Wilson, formerly assistant superintendent of 
transportation with the Utica Gas & Electric Co., Utica, 
N. Y., has been promoted to superintendent of transporta- 
tion for the company. 

J. M. Wilson, affiliated with the Le Baron Detroit Co., 
has been promoted from draftsman to designer. Mr. Wilson 
is also designer for the Briggs Mfg. Co., also located in De- 
troit. 

Charles 


He was a former 


junior engineer 


A. Winslow, who until lately was a consultant 


has accepted 
the position of research engineer with the Sheet Steel 
Products Co., of Michigan City, Ind. 
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Federal-Mogul products are 
always foremost —in speed and 
endurance tests and in every day 
operation. Over 150 automotive 
manufacturers use Federal-Mogul 
bearings, bushings or bearing 
metal as standard equipment. 


The Federal-Mogul Complete Line 


Bronze-Back, Babbitt-Lined Bearings; Die- 
Cast Babbitt Bearings and Bushings; Bronze 
Bushings; Bronze Washers; Bronze Castings; 
Babbitt Metals; Bronze Cored and Solid Bars. 


Licensed under U. S. Patents Nos. 


1,455,939 1,302,838 
1,302,584 1,340,337 


THE FEDERAL-MOGUL 
CORPORATION 


Detroit, Mich. 
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Your Reputation is Safe with Federal-Mogul aa World’s Largest Engine Bearing Manufacturers 
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No Sales 
| Dangers 


ITH standard wood wheels and de- 

mountable rims as a base, Tuarc steel 
wheels afford a completely interchangeable 
option, which introduces no difficulties in 
assembly, delivery or carrying spares. 


With Disteel demountable steel wheels as a 
base, unlimited option is made possible by 
Motor Wheel demountable wood and wire 
wheels, all interchangeable in every respect. 


Wheel preferences of the manufacturer and 
the public can never delay or lose a sale in a 
line of cars equipped by Motor Wheel. And 
whatever the style, the buyer gets the finest 


possible wheels. 





MOTOR WHEEL CORPORATION 
~ewerpee, MiIicHIGAN 


: 


Motor 
Wheel 


Wood, Wire 
ec Steel 
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Uni 
Opera 
and Gre: 
Efficien 


Through many yea 
experimentation Tillot 
engineers have perfecté 
carburetors, gas strainers 
and air cleaners which 
afford dependable and eff- 
cient performance. Millions 
of owners of Tillotson- 
equipped cars are receiving 
entire satisfaction from 
these units. Let us cooper- 
ate with you in designing 
an efficient carburetor, gas 
strainer or air cleaner which 
will prove more satisfactory 
on your car. 


TILLOTSON MANUFACTURING CO. 
Toledo Ohio 





PmPTHE LOGICAL ONE 
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FAIARRISON 
RADIATORS 


Since the Pontiac Six was 
first introduced, Har- 
rison Radiators have 
been standard 
equipment 
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Strength of Weld 
Uniformity of Shape Freedom from Twists 





1 The strength of weld of Dahlstrom windshield tubing 
makes the windshield rigid and keeps it rigid. 


f. Its uniformity of shape insures perfect mitering. 


And its freedom from twists reduces glass breakage 
to the minimum. 


Send for catalog of Dahlstrom automobile mouldings 


DauHtstTrRomM MetTaLtic Door Company 
INCORPORATED 1904 
Jamestown, New York 
NEW YORK - CHICAGO - PHILADELPHIA - DETROIT - CLEVELAND 
Representatives in principal cities 


Dahlstrom automobile mouldings include: 


Glass Channels Cushion Retainers Door Caps 
Finishing Mouldings Floor Mouldings Garnish Mouldings 
Instrument Panels Wainscot Panels Windshield Tubing, Etc. 
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Mr. Charles M. Schwab 


says : 


“I am heartily in accord 
with National Metal 
Week. It certainly seems 
fitting that national 
recognition be given to 
this great gathering of 
steel executives and 
scientists who, every 
year, assemble for the 
exchange of ideas and 
improvement of the 
industry.” 


Mr. J. Fletcher Harper 


of the Allis Chalmers 
Mfg. Company, says: 


“You should attend 
National Metal Week 
because there you meet 
a large number of people 
in a short length of 
time with whom you 
can discuss the problems 
you have in your mind. 
You can talk to authori- 
ties in your line witha 


minimum of traveling ° 


time and expense. It is 
impossible to do by 
correspondence what 
can be aone by personal 
interview. 


“Also there is the oppor- 
tunity of seeing plants 
in the neighborhood 
where the Exposition is 
being held. 


“You see chances of 
developing new prod- 
ucts with your present 
equipment sod shee 
your product to new 
lines of manufacture. 


“This is a serious and 
inspirational Exposition 
and the wide diversity 
of exhibits make it 
imperative that the best 
executives take the time 
to represent their com- 
pany and obtain first 
hand information as to 
new developments.” 


Dr. George K. Burgess, 
Director of the Bureau 


of Standards, says: 


“National Metal Week 
is of great significance, 
for not only does it 
make definite progress 
in our metal industries, 
but also it affords a 
unique opportunity for 
the interchange of ideas, 
at the same time saving 
time,energyandmoney.” 
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SPECIAL BULLETIN TO 
S. A. E. MEMBERS 


A particularly cordial in- 


vitation is extended all mem- 
bers of the S. A. E. because 
of the large ao of 
equipment and processes on 
exhibit which are applicable 
to automotive production. 





Sq VER 300 MANUFACTURERS” 
EXHIBITS WILL OCCUPY 
75,000 SQ. FT. OF FLOOR 
SPACE AT THIS YEAR’S 
NATIONAL METAL EXPOSITION 


Every new development in the heat 
treating, welding and working of 
metals will be exhibited at this great 
tenth annual event of the metal world 
—will be discussed in the many tech- 
nical sessions that are held simultane- 
ously with it. § It is because of the 
technical thoroughness with which 
a remarkably wide range of new 
methods, new products and new 
processes are covered during the Con- 
ventions and Exposition, that Iron Age, 
in commenting editorially about last 
year's Exposition was able to say that 


National Metal Week 


“brought together a gathering of 
American technical men which, in a 
way, was epochal.” 9 So plan now 
to be among the 60,000 present. 
Philadelphia, week of October 8th. 
§ The American Society for Steel 
Treating, 7016 Euclid Ave.,Cleveland,O. 
American Society for Steel Treating 
{ American Welding Society t 


Institute of Metals of the A. I. M. E. 
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Pittsburgh Seamless Steel Tubing 


May be used in place of forgings, solid stock and welded tubing 
affording advantages in strength, safety and production cost 
for many purposes such as: 


Bearing Races Piston Pins 
Axle Housing Sleeves 
Torque Tubes Propeller Shafts 
Drag Links Tie Rods 
Steering Columns Rocker Shafts 


Aeroplane Propeller Tubes 


Our entire research and manufacturing activities are devoted to the development 
and production of seamless steel tubes. We do swaging, tapering, bending, up- 
setting and other forming operations, also heat treating. We will gladly give you 
the benefit of our experience in seamless steel tube work. 


Pittsburgh Steel Products Co. 


Division oF 


Pittsburgh Steel Co. 


PITTSBURGH - NEW YORK - DETROIT CHICAGO 


HOUSTON - TULSA 
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GORDON 
Tire Cover Paintings 


Harmonize with the Body Design of the Car 


Car and Tire Monograms are repro- Gordon Paintings will last the life 
duced in bright, snappy colors— 


of the tire covers — 


Attractively painted on a patent 
leather or grained finish tire cover the 
car monogram presents a beautiful and permanency — colors will not fade, 


They’re “Vulcanized on” to insure 
harmonious appearance. crack or rub off! 
Gordon Paintings Cost More—THEY’RE WORTH IT! 


THE J. P. GORDON CO., Columbus, Ohio 
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Symbol of Accurate Timing 


IG 





When  Textolite replace- 
ment gears are desired, com- 
plete details and the name 
of the nearest distributor 
can be obtained from: 


John C. Hoof & Company 


162 North Franklin St., Chicago, Ill. 
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For centuries, gears have been used wherever 
accurate timing was required. Regardless of any 
other function of the front-end drive, the first and 
most essential is the maintenance of synchronized 
power between crankshaft and camshaft. With 
the least possible number of parts and with its 
negligible wear, the gear gives a sustained accuracy 
of timing that no other front-end drive can | 
approach. 


Textolite is offered as the highest type of develop- 
ment in timing mechanisms. 


830-51 


GENERAL ELECTRIC 


GENERAL ELECTRIC COMPANY, 





SCHENECTADY, N. os _SALES OFFICES IN- PRINCIPAL CITIES CITIES 
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OTECTING 
*OUALITY © 
provucrs 





in the transmission of 


new GRAHAM-PAIGE 


To Graham-Paige belongs the honor of further modernizing 
the modern motor car, by first standardizing on the 4-speed 
transmission. 


Hyatt’s is the privilege of supplying the roller bearings 
for that 4-speed transmission — bearings which because of 
their silent operation and wear-resisting qualities are ideally 
suited to the transmission of power. 


OT A = 
ae (EL ST SL EY TET TTT SS 


Other manufacturers, like Graham-Paige, have found it 
advantageous to confer with Hyatt engineers when designing 
a new transmission or when present equipment has reached 
the point where an improvement is advisable. 





— 


“Official Signof 
an authorized 


Hyatt bearing HYATT ROLLER BEARING COMPANY 


distributor.” 


Newark Detroit Chicago Pittsburgh Oakland 


HYATTI 


QUIET ROLLER BEARINGS 





, RE RMS 
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Announcing a New Part 
i Part I of the 1927 Transactions which will 
f contain papers and discussions presented at j 
( Society and Section Meetings and published j 
/ in Tue Journat during the first half of 1927. ; 
/ Members desiring copies of this Part should j 
return the form at the bottom of this page. j 
| ! 
! 
! 
! 
! 
! P 
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ORDER BLANK FOR S. A. E. TRANSACTIONS 


Society of Automotive Engineers, Inc. 
29 West 39th Street 
New York City 


Enclosed please find $2 in payment of my subscription for Part I of Vol. 22 


(1927) Transactions which is to be mailed to me as issued. 


do 


. a ds desire to place a standing order for Parts of Transactions to be sent 


to me as issued and will pay for each issue upon receipt of bill which is to be sent to 
me prior to publication. 


Print Name in Full 


Address 


Date ere. ar. os 
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| New Depa rture 
aretthbeyerere 


Positive Advantages 
of Ball Bearings Again Proven 


boring vent holes in automobile mufflers are 
rigidly mounted on New Departure Ball Bearings. 


Space between spindles is hardly more than running 
clearance. 


G tering on the Krueger Multiple Drill Head for 
iS 


Ball bearings are used because they permanently 
maintain centers between spindles, do not develop in- 
ternal looseness, never require adjustment for wear 
and, therefore, secure maximum continuous production 
and minimum cost, superiorities that are common to 
all ball bearing service. 


Furthermore, lubrication troubles are eliminated. 
Effective seals keep lubricant inside of the mechanism 
leaving the outside clean at all times. Ball bearing- 
equipped spindles allow the operator’s attention to 
be continually applied to the work in hand. 


Write for Engineering Data Bulletins. Sent on re- 
quest. 


THE NEW DEPARTURE MANUFACTURING CO. 
BRISTOL, CONNECTICUT 
Chicago San Francisco Detroit 
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THE CRANKSHAFT 
MAKERS 
WORCESTER, MASS. 
HARVEY, ILL. 


ERTS 


There are problems 
enough without 
crankshaft problems. 
Pass yours along to 
Wyman-Gordon. 


~ 


yO WYMAN 
~” 6 GORDON. 
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| NAGEL instruments are 
‘accurate and dependable 


' 
Se] 
a 

; 





= of electrical precision instru- 
ments for thirty years, the Nagel Electric 
Company has always enjoyed a reputation 
for quality merchandise. Nagel engineers 
are immediately available for consultation 





on your instrument problems and will The Nagel Ammeter 
gladly co-operate with your engineers on 
the designing of new panels. Nagel instru- 
ment panels or separate instruments are 
supplied for the following celebrated 
automobiles: 





Cadillac Marmon 75 

DuPont Pierce- Arrow 

Durant 55-65-75 Reo Flying Cloud 

Durant Star Stearns-Knight 

Falcon-Knight Studebaker President 

Franklin Velie = — 
Jordan Whippet 

La Salle Willys-Knight 


NAGEL 


ELECTRIC COMPANY 


INC. 
TOLEDO..OHIO 
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ETHYL GASOLINE 
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GASOLINE + 


ETHYL= 
high compression. 


per, OSIMUMCE 


te are hearing much about “‘high com- 
pression’. . .““high compression engines” 
... high compression fuel”. . 
pression performance.” 


“What,” a great many car owners are ask- 
ing, “does ‘high compression’ mean to me?” 
Here is a simple explanation: 


“high com- 


Each cylinder of your engine may be likened 
to a muzzle-loading gun. The cylinder is the 
gun; the piston is the bullet; and the mixture 
of gasoline and air is the powder charge. 


The tighter you pack the powder charge in 
the gun before firing, the greater the force to 
the bullet. Similarly, the tighter you squeeze 
—or compress—gas vapor and air in the com- 
bustion chamber before ignition, the greater 
the force of the piston’s stroke. In other words, 
the higher the compression the greater the 
power. 


Higher compression in a gasoline engine 
is obtained by decreasing the size of 
the combustion chamber—either by 
mechanical design or by carbon for- 
mation. a 


Up to the advent of Ethyl Gasoline, 
the compression of automobile en- 





gines was limited by the compression limits 
of gasoline. For gasoline is not a perfect fuel. 
It explodes too soon (“knocks’’) and loses 
power when squeezed beyond a certain 
point. 

That is why General Motors Research Lab- 

oratories developed ETHYL fluid, a com- 
pound which controls the combustion rate of 
gasoline so that as engine compression is raised 
the “knock” is eliminated. And that is why oil 
companies are mixing ETHYL fluid with gaso- 
line to form Ethyl Gasoline—the standard high 
compression fuel. 
Within the last year, car manufacturers have 
been able to produce new models of higher 
compression and greater power. But the most 
immediate benefits of Ethyl Gasoline are found 
among the millions of owners of cars of ordinary 
compression, because with its use in such cars 
carbon becomes an asset. 


Ride with ETHYL. See what a 
great difference it makes on hills and 
in traffic. No “knocking.” Less shift- 
ing. Faster pickup. Stop atan ETHYL 
pump today—it bears the emblem 
shown at the left. 


ETHYL GASOLINE CORPORATION, 25 Broadway, New York City. 56 Church Street, Toronto, Ont., Can. 
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9-Cylinder, 160 H.P. Com- 
L mercial Aircraft Engine. 
- Nickel Cast Iron Cylinders 


made by S. CHENEY & 
SON, Manlius, N. Y. 


THE INTERNATIONAL NICKEL COMPANY 
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REMARKS: 


In designing commercial air cooled aircraft 
engines, Capt. Robert W.A. Brewer has taken 
advantage of the possibility of reducing com- 
plications and cost by employing Nickel Cast 
Iron for cylinders. The improved structure 
of this material is a guarantee of increased 
reliability. Saving in weight and the assur- 
ance of satisfactory service due to the higher 
physical properties and greater wear- resist- 
ance of Nickel Cast Iron make it an ideal 
material for castings of this type. 

A minimum distortion in these cylinders 
is attributed to the ability of Nickel to elimi- 
nate chilled cornersandedgesinlight sections. 
This uniformity of structure greatly reduces 
the tendency to warp in finishing and service. 


Our Foundry Specialists will gladly dis- 
cuss your casting problems with you. 


oy 
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cONOA, 
gor en ty 
CAR OWNERS 


Willard promises battery economy. Willard gives 
battery economy. . .. Years of giving the car 
owner more for his money—years of Willard 
Service standing between the car owner and 
avoidable battery trouble. Fewer demands on 
owners’ patience—more good will all around. 
More value from batteries. More satisfaction 
from the cars you make, sell or service. 
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illard Batteries 
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On ly Ywo Worki ng Rts & 


~ STURDY, SIMPLE, TROUBLEFREE 








The balanced qualities of Ross Steering 
are largely the result of these features in 
which the Ross Cam and Lever Steering 
Gear differs from the ordinary type of 
steering gear: 


Variable Ratio of Cam 
Line Contact Between Actuating and 
Actuated Members 
Low Internal Pressures 
Powerful Internal Leverage 


High Over-All Efficiency 


ROSS 





Cam 


AND 


ever 


8 hae are only two working parts in the Ross 
Gear—the Cam and the Lever. Eachisa 
sturdy, one piece unit, with nothing to get out of 
order.Each has a tough, strong core of high grade 
steel, and a case so heat-treated and hardened 
that it is practically wear-resistant. (Ross Cam 
and Lever Steering Gears after thousands of miles 
of service show so little wear that it is scarcely 
measurable.) 


The advantages of Ross from a service stand- 

oint are as great in their way, as the exceptional 
ee er steering which Ross gives. Ross Cam 
and Lever Steering Gears give thousands of miles 
of trouble-free service without the necessity of 
adjustments. Herein is an added reason for the 
widespread popularity of Ross among the makers 
of cars, trucks and buses. 


ROSS GEAR & TOOL CO. :: LAFAYETTE, INDIANA 


STEERING 
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Westinghouse Automo- 
tive Brakes — pressure 
type and vacuum type 
—now cover the entire 
automotive field. 
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US Manufacturers today are building into 

their vehicles such structural elements as 
will assure comfort and convenience for the 
passenger and economy of operation for the 
owner. 


Comfortable seats, attractive appearance, 
friendly atmosphere, safe and reliable service— 
these are advantages that appeal to the bus 
patron. .. Small operating expense, low up-keep 
cost, easy maintenance, profits—these are fac- 
tors that the operator seeks. 


Good buses can be made better, and are being 
made better, by the Westinghouse Automotive 
Brake. 


Better for the patron because short smooth stops 


without driver fatigue assure greater safety and 


permit faster schedules. Better for the operator 
because of greater security, increased passenger 


| 


mileage, quicker movement in traffic, lower | 


brake maintenance. 


WESTINGHOUSE AIR BRAKE COMPANY 


Automotive Division— Wilmerding, Pa. 
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HE KINGSTON 
VACUUM FUEL 
FEEDING SYSTEM 


combines extreme 
simplicity with sturdi- 





ness and dependabil- 
ity. {t has fewer mov- 
ing parts than any 


other system yet de- 
nto 
: as 
the uct of thirty years’ 
the 


vised, and is the prod- 


automotive engineer- 





The entire re- 










col ing skill. KINGSTON sources of this or- 
col is endorsed by auto- ganization are di- 
bus motive engineers gen- rected solely to- 
eep ; ward co-operation 
face erally, and is standard Sills | tings ahanantiiotes 
| equipment upon lead- bile manufacturer, 
‘ing ing American cars. and equipment 
tive bearing the Kings- 
ton name means 
ops the last word in 
and — automotive engi- 
ator =a neering progress. 
iger 
wer 





KINGSTON PRODUCTS CORPORATION 


Manufacturers of Carburetors, Fuel Feeding Systems, 
Vacuum Tanks, Oil Pumps, Car Heaters 


KOKOMO, INDIANA 


l 
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Your 


Rear Axle \ 


ADJUSTMENT. 


Problem will be solved if you 
use this mounting 


with SRB Ball Bearings 


Ball Bearings Eliminate Pinion and Ring Gear Adjustments 
and Require No Attention During the Life of the Car if 










2 THIS SPACE TO BE —<— 
PACKED WITH HARD io 
FIBROUS GREASE 





1. Felt Washer or Other Suitable Seal 
2. Chamber to be Packed with Fibrous Grease 
3. A Plain Stamped Washer to Form a Labyrinth Seal 
4. The Shield in the SRB Double Row Lubri-Seal Ball Bearing 


STANDARD STEEL AND BEARINGS INCORPORATED 
Plainville Connecticut 
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protect your labor investment 


with materials of proven quality. 


On every paint job, labor is the big 
item. Labor and overhead expense. Pro- 
tect your investment in these two items 
by using only materials of proven quality. 
Colors that are always uniform. Colors 
that work satisfactorily under all produc- 
tion conditions. Materials that build up 
a smooth, long-wearing, good- 
looking surface. 


For a quarter of a century Ditzler | 






colors and automotive finishing materials 
have been known for their uniformly high 
quality. Made by the world’s largest manu- 
facturers exclusively of automotive finish- 
ing materials, they offer the user the best 
that is to be had. 


Ask for information concerning a 
new series of Ditzler Composé 
Color Panels—a color selection 
aid that saves time and money. 


[PYROXYLIN} 


DITZLER COLOR 


COMPANY, 


DETROIT. MICHIGAN 





YOUR | 
STAMPING 


=< Invest Less Mone /) 
ag LutRed Tape- Overhead) 


Lost lime 
Wasted Floor \pace 
With Danly Die Sets 


OU strike to the nub of stamping economies] 
when you adopt Danly Die Sets and Die Makers’ ] 
Supplies. 4 
From the time you open your Danly Catalogue you save_ 
time, bother, cost. . . in drafting room, tool room, press 7 
room, purchasing department. Danly Service goes to the” 
very fundamentals. , 
With executives striving to cut costs to the core, when | 
the big problem is production economy. . . when stamp: j 
ings are replacing castings and other methods on the score | 
of lower costs, lighter weight, fewer operations, Danly Ser- | 
vice is indispensable. That’s why over 4,000 makers of : 
stampings have already adopted Danly Die Sets and Die 
Makers’ Supplies as standard tooling. j . 
Three great stock rooms, Chicago, Detroit, Long Island | 
City, carry the stocks to meet all your requirements, of | 
demand. May we give you the full facts? a 


If you have not your copy of the new Danly 
catalogue, 5th edition, you most certainly ought to 
send for it. This valuable book is yours for the 
asking, no obligation, the manual of the metal 7 
stamping industry. 4 


DANIY MACHINE SPECIALTIES. INC. 


2104-2130 SOUTH 52N0 AVENUE,CHICAGO. 


Island City, N. ¥ 


1337 Temple Ave. DAN LY _ 36-12 Sth Sr. 
i 
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IPI NE SPALL FEES TV IO RIES 


To the Engineers 


of America’s 
Finest Cars 


b am can compare Houdaille design, mach- 
ining and performance to the finest part of 
your car. Houdaille wing shafts as shown in the 
photograph are held to plus or minus .0005 limits. 


Operating constantly in fluid under enormous 
pressure many times greater than any pressure 
feed lubrication system, wear is a minus quantity. 


ARS 


=~ 


That is only one part of the precision and per- 
formance story of Houdailles. 


The engineers of Lincoln, Ford, Pierce-Arrow, Nash, Jordan, Stearns- 
Knight and Cunningham have made Houdaille Hydraulic Double-Acting 
Shock Absorbers standard equipment. No manufacturer who has adopted 
Houdailles has ever given them up. 


They have contributed to the riding comfort, speed and success of America’s finest cars. 


Houdaille engineers are specialists in controlling spring action. Have one of them work 
with you on this most important phase of design. They have accomplished some sur- 
prising things for car manufacturers. Our engineers will be glad to share their experi- 
ence at your invitation. 


HOU DAILLE 


Hydraulic Double-Actin 
SHOCK ABSORBERS 


Houde Engineering Corporation, Dept. S.A.E.9 Official 
537 E. Delavan Avenue, Buffalo, N. Y. ; 


Iam interested in learning more about the Houdaille Hy- Company 
Graulic DOUBLE-ACTING principle and what your En- 
Sineering Department can do for me. Address 
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as Distinction of Design | 


Of h 
bl ISTINCTION of design in a motor car is an 
ow achievement that carries the manufacturer a long 
| stride forward on the pathway to increased sales. \ 
84 Realizing that mechanical dependability is taken for 
lai granted today, the automotive industry has greatly im- Y 
M4 ai proved the lines and color schemes of the modern car. ' 
ac : But have you, as a manufacturer, carried these im- U 
10 provements far enough — have you included all these u 
‘y small metal parts and trimmings which are so import- H 
wa ant in the eyes of the prospective buyer? Have you y 
BS attained distinction of design with regard to instrument A 
a panels, interior light rims, door handles and their like? 
ie The Scovill etching process brings to the industry the ; 
ta beauty of design, the delicacy and distinction of etch- () 
ye work that was formerly known only through the indi- ty 
A vidual skill of the master craftsman. h 
as Now, volume production in etchwork is possible 
‘K through the Scovill process. On curved or flat surfaces, ( 
: each reproduction of the design is beautifully and dis- i 
rk tinctly etched. KE 
Vi Let our artists work with you or for you in adding the \ 
és final touch of distinction to those small metal parts f 
that have come to be such a factor in the selling appeal i 
so of modern motor cars. ; 3 
c ( 


Scovill is the name of a broad service to industry. It places acres’ of factories, forests of machinery, 
hosts of skilled workmen, metallurgists, modern laboratories and trained representatives at the dis- 
posal of those who require parts or finished products of metal. Why not see how Scovill can serve you? 


Ovi is 


K 

U 

x 

Tuese Are Some Scovi_t Propucts — Manufactured Goods to Order: Parts for Automobile 
¥ 


ws 


as 


@QQ 





Accessories, Reflectors, Hub Caps, Genuine Etched Scovill Process Metal Panels (also 
stamped and embossed), Decorated Metal Boxes, Radio Condensers, Small Stampings and é 
Hardware Accessories. Goods in Stock: Cap and Machine Screws, Snap Fasteners for 4 
Curtains, Tire and Radiator Covers, Pin Fasteners for Seat Covers for Cars with Steel ) 
Bodies. Brass Mill Products: Reflector Brass, High Speed Brass Rod, Radiator Brass, Seam- 


SIs 


less Tubing. 
( 
nA SCOVILL MANUFACTURING COMPANY f 
\ Waterbury Connecticut { 
i Member, Copper and Brass Research Association f 
Ex 


y 
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1 Ruggedness. . Long Life .. Dependability 


o 


= 


“1 HE Nortn East reputation for ruggedness, 
long life and dependability is world-wide— 
due to the superior performance of millions 

of Nortn East equipped cars. 


That reputation explains why an ever-increasing 


5 eee SS 


number of leading American and European manu- 
facturers of motor vehicles are coming to NorTH 
East for equipment. NorTH East products always 
have been worthy of supreme confidence—they al- 


SS SS 


ways will be. They build prestige wherever used. 


> 
= 


k 


NortH East Evectrric Ca. 


(on NEW YORK 





ROCHESTER 


Service Stations all over the World 
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ECCENTRIC 


A year ago the Thompson Eccentric Tie Rod was introduced to meet new 
steering linkage problems that came with the universal application of brakes 
to front axles. Eleven outstanding advantages were listed in the introductory 
description. After twelve months, with hundreds of thousands of Thompson 


Eccentrics now in service, we repeat these advantages, word for word, because 
there is nothing to change: 


1 


6. 


END CLEARANCE — Minimum, for 
front axle brake drums. 


RIGIDITY — Eccentric principle gives 
automatic take-up of wear on ball studs 
and bearings. No pound or rattle. 
SAFETY — The rod cannot fall from 
the ball. 


SHIMMY — Eccentric principle elimi- 
nates the tie rod as a cause of shimmy. 
EASY STEERING— Eccentric principle 
and perfect lubrication. 


MUD-PROOF — Sealed against dust, 
dirt and water. 


. ASSEMBLY — Rapid and simple. A 


completely assembled unit for instant 
application. 


- TRAMMING—Right and left threads 


for quick wheel alignment. 


. LIGHTNESS — Minimum unsprung 


weight. 


10. SERVICE — Few parts — simple and 


easy to service. 


11. REASONABLE COST —The Thomp- 


son Eccentric Tie Rod is adaptable to 
cars of every size and price class. 


Many car builders are now testing the Thompson Eccentric and will soon 
be building it into their front axles. Our engineers are ready to work with 


you on an application of the Thompson Eccentric Tie Rod that suits your 
specific requirements. 






THOMPSON 
General Offices: Cleveland, Ohio, U.S.A. 


rR ODU CTS, 


rN. OR roeek At ED 
Factories: CLEVELAND and DETROIT 


Thompson Valves, King, Shackle and Tie-Rod Bolts, Tappets, Drag 


Links, Tie Rods, Starting Cranks, 





DEVELOPED AND 


MANUFACTURED AT 


and Brake-Rod Assemblies 


hompson Eccentric 
die Rods 





THE DETROIT 


September, 1928 





PLANT 


_ 


| 


September, 1928 . JOURNAL 


The vertical socket of the Thompson 
Eccentric Tie Rod, with its bearings in 
the line of thrust, and the exclusive 
eccentric feature which insures permanent 
rigidity of the joints. The wedge-shaped 
bearings, under pressure of the U-spring, 
close around the ball, automatically 
taking up wear. 


The minimum end clearance secured in 

the Thompson Eccentric Tie Rod is 

necessary for correct steering linkage — 

especially where wide drum four-wheel 
brakes are used. 


STEERING SEN = SiG FE 


Ss Piz FA E278 T S SINCE 1912 
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R 
Q Westinghouse Electric & Manufacturing Company 
Newark Works 
DO NOT INTERLINK ate Das, W) 
DO NOT RUST PLANE AND ORANGE STREETS, NEWARK, N. J. 
GREATER December 9, 1927 


HOLDING POWER 


National Lock Washer Co., 
Newark, N. Je 






kr. R. M. Gow, Jr. 


{ry {N 















We have made a check in our Meter Assenbling 
Department to escertain as to the amount of time saved 

by the use of the Kantlink Washers and we find that 

the operator is able to assemble these washers approximately 
10% faster than heretofore. 


PIONEERING TO 
LEADERSHIP 


HE first horseless wagons 
marketed by Ford, Win- 
ton and Olds were equipped 
with National Lock Washers. 


That unpretentious begin- 
ning led to the ultimate adop- 
tion of lock washers by the 
entire automotive industry. 





We believe that the Kantlink Wesher is (@ real 
production) as it is not necessery for 
O gie the washer which was necessary 
before the Kantlink Washer was put on the market. 





Yours very truly, 





Hi, E. Davis, 


, é | Purchasing Agent. 
2 Aw OTT S : 


As the automotive industry 
grew, the variety of types and 
sizes became more and more 
unwieldy until we, in collab- 
oration with A.L.A.M., stand- 
ardized the product. The 
present §.A.E. standard is the 
outcome. 


Faced by the problems of 
today’s mass production we in- 
vented and patented Kantlink, 
which eliminated the only ma- 
jor shortcoming of the lock 
washer, i. e.: its tendency to 
interlink or tangle. 


And then to make Kantlink 
still better, we Parkerized it 
to prevent rust. 


We are proud of these un- 
usual achievements in the in- 
dustry. 


Read what users say. Westinghouse and many others 


have made fests. 


Kantlinks are a real necessity. Let us send you today 


a trial order of the sizes you use for a test of your own. 


THE NATIONAL LOCK WASHER COMPANY 
Newark, New Jersey, U. S. A. 


Sales Offices: 


BUFFALO, CHICAGO, CLEVELAND, DENVER, DETROIT, LOS ANGELES, 
MILWAUKEE, NASHVILLE, NEWARK, NEW YORK, ST. LOUIS, ST. PAUL, 
SAN FRANCISCO. 


Canada: TORONTO, MONTREAL. 


CReePereReeeee ee eee eeeehebeLees Welelelelsleleeeeeeeeeheeeeheeeeeeesisicis elelelelelelelelolelolololelolelolelek 


KANT LINK 


LOCK WASHERS 


Why buy lock washers that tangle when 
you can get better ones that don’t? 


The National Lock Washer Company, 
40 Hermon Street, 


Newark, New Jersey. 
S.A.E.J. 9-28 





Please send me information about 
Kantlink Lock Washers. 


(Name) 


(Address) 


ololelole SSS ss GGG REE EEEELELEEELELELEEEELELELEELEEEELELEES slelelelelelelsiselelelse! 
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Radio Aids Management 
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a POMEL 
By! st 


of World-wide Business 


Five thousand miles out through the night 
..from the hum of the great Firestone Fac- 
tories to the stillness of the African jungles 
...flash the dot dot dash dot of two powerful 
radio stations. 

It is the pioneering spirit of the Firestone 
organization which has taken this great step 
..just as it has made other great strides in 
industrial progress. Reports, instructions, 
questions, answers flashed back and forth 
across the equator, from continent to 
continent, speed the great Firestone 








Th 
of Quality 


MOST MILES PER DOLLAR 


Fire stone 


undertaking of subduing a million acres of 
African jungle and making it produce the 
finest rubber for Firestone Gum-Dipped Tires. 
This new radio achievement is only one 
link in the vast chain of Firestone activities 
.. activities which put the most miles per 
dollar in every Firestone Tire, by securing 
raw materials in primary markets and ship- 
ping them direct to the Firestone Factories 
at Akron, Ohio; Los Angeles, California; 
Hudson, Fall River and New Bedford, 
Mass., and Hamilton, Ontario. 








AMERICANS SHOULD PRODUCE THEIR OWN RUBBER. Shr Binrwtland, 
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Mueller 


SEARING MEV 





Now Comes 


A Bearing Metal That Can Be 
FORGED! 


Mueller, headquarters of brass metallurgy, is placing on 
the market a bearing metal THAT CAN BE FORGED. 
This new material is known as “600” Bearing Metal. 


“600” is a FORGEABLE bearing metal to replace phos- 
phor bronze rod, cast phosphor bronze, cast gun metal, 


cast nickel bronze. It is produced as forgings, rods and 
screw machine products. 


As forgings, “600” has two to three times the tersile 
strength of the best cast bronzes. Under heavy loads and 
high speeds, “600” runs cooler than cast bronze. 


Suitable for gears, worms, worm-wheels, connecting rods, 
slip rings, bearing purposes in general. 


Specific information upon request. 


e 
PORT HURON MICHIGAN 


DETROIT DISTRICT 


BRASS 


ueller Brass 


THREE GENERATIONS 





September, ip 





O fiices: : 
New Yor 
Detroit 


Cleveland 
Flint | 
Pittsburgh | 
Chicago 

New Orle 
St. Louis 
Buffalo 

Milwaukee 
Minneapoli 





Indianapoli 
W arehousts | 
Chicago 
St. Louis 
Pittsburgh 





MAKING 





September, 1928 S. A. E. JOURNAL 57 





| 
| 
| 


: 
j 
' 
' 






The Radiator that 
Always Makes Good? 


YEAR after year, leading 


manufacturers of all 





° . Dees | Truck with . Modine Turbo- 
types of equipment continue iator as standard equipment, 


York to specify Modine Turbotube Radiators. 


The reasons: 1. Greater Cooling Capacity, 


~ 2. Extreme Ruggedness, 3. Reliable Perform- 
an ance Under the Most Severe Conditions. 
| 3 Here are advantages that every progressive 
burgh manufacturer wants. In addition, Modine’s 
a manufacturing facilities and financial respon- 
On 


~~ sibility insure production of such radiators 


ale in any quantity. 
vaulket| = Our engineers are available to work out any 
neapoli L radiator cooling problem for you. Write today. 
{ w 
anapolit 37 
vi % MODINE MANUFACTURING COMPANY 
<4 RACINE, WISCONSIN 
veheu 7, Modine Representatives 
, : a F. Somers Peterson, 57 California St., San Francisco, Calif. 
ago | “7 Modine Mfg. Co., 908 Smythe Bldg., Cleveland, O. 
Louis 
sburgh 





MODINE TURBOTUBE 
RADIATOR CORE 

1 to 1000 H. P. — any size, 

any type — sectional or con- 


ventional cast—sheet metal 
— or if preferred only cores 


“ gutboiube RADIATORS 
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The very qualities of smoothness 
and silence, for which every 
motor car engineer is striving today, 
are just one more reason why he 
should specify Morse Genuine 
Silent Chains. 


JOURNAL 





September, 1928 





NEED SILENT CHAINS 


For more than fifteen years Morse 
Silent Chains have been almost the 
unanimous choice of leading auto- 
motive manufacturers. The list of 
users below tells the story more 
emphatically than volumes of type. 


MORSE CHAIN COMPANY 


Main Office and Works 


ITHACA, NEW YORK 
ADLER SIX DURANT (55) 
CADILLAC BIGHT DURANT (65) 
CHANDLER BIG SIX DURANT 
CHANDLER SPECIAL SIX DURANT FOUR 
CHANDLER ROYAL EIGHT ERSKINE 
CHRYSLER SIX (62) ESSEX SI 
CHRYSLER SIX (72) FIAT SIX (5-90) 
CHRYSLER SIX (80) HUDSON SIX 
DAVIS Six (99) HUPMOBILE CENTURY SIX 
DODGE SENIOR HUPMOB 
DODGE VICTORY SIX CEN TURY EIGHT 


DODGE STANDARD SIX JORDAN EIGHT (Air Line) 


MORSE 


SILENT CHAINS 


GENUINE 


Sales and Engineering Office 
DETROIT, MICHIGAN 


LaSALLE 

LINCOLN EIGHT 

MOON SIX (6-62) 

OAKLAND SIX 
OLDSMOBILE SIX 

(A manufacturer of high grade 
Sixes and Eights—name on 


REO FLYING _ 


CONTINENTAL MOTORS 
Used in a number of the cars listed 
Engine Models 


request) 

PEERLESS SIX (80) W-5 14-S 8-U 
PEERLESS SIX (91) 9-L 8-F 14-L 
PIERCE ARROW (81 14-U 26-L 15-L 
PONTIAC SIX 15-U 29-L 


oe 
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(jreatest advance in motoring 
comfort since balloon tires: - - 





ball Bearing 
Spring Shackles. 





N riding ease Studebaker’s new cars now 
] lead just as Studebaker cars have so 
long led in proven performance. A drive 

in a new Studebaker is a revelation in rest- 


ful riding. 


For in these new cars a patented invention 
at last solves a problem that has long baffled 
automotive engineers. 


Every motorist knows the importance of 
spring shackles — those joints or hinges 
which form the connecting link between 





body and axles. Engineers 
have sought to reduce fric- 
tion to a minimum at these 


o) vital joints—to make them 
flexible yet firm and uni- 
Le form in action—to make 
O- them noiselese—to reduce 
the necessity for frequent 
>f lubrication. All these objec- 
tives have now been attained 
r} in Studebaker cars. 
e. So revolutionary is this sen- At lest . . . 


sational innovation that the 





word “shackles,’’ with its implication of 
restricted movement is no longer applicable. 


The incessant action and reaction between 
body and axles is now carried by 172 steel 
balls rolling in lubricant —no binding, no 
squeaks, no rattles, no sidesway. Instead, 
smooth, silent resiliency, an undeviating 
uniformity of action and an enduring buoy- 


ancy that will keep your Studebaker young. 


STUDEBAKER'S 
| 


In place of complicated centralized 
systems for oiling and greasing, each ball 
shackle’’ 


contains, sealed within it, 


bearing spring * 


ample lubricant to last for 
more than twenty thousand 
miles. 


Come ride inanew Studebaker 
today. Thrill to its cham- 
pion performance. See rare 
new beauty of line and color. 
Then compare Studebaker’s 
new low One-Profit prices 


bearing spring shackles —! i ‘4 
oeethe ae wp tsa Po riding the triumph of 76 7 


comfort of the new Studebekers 


manufacturing experience! 






Studebaker's new ball bearing spring “shack- 
les" are as different from any others as the 
modern athletic girl is from ber hampered, 
corseted predecessor of a generation ago. 





STUDEBAKER’S FOUR NEW LINES 

The President Eight . $1685 to $2485 

The Commander . . 1435 to 1665 

The Dictator . . . 185to 139% 

The Erskine 835 to 1045 
All prices J. 0. b. factory 


~ Studebaker’s ‘ 

Ball Bearing 

Spring Shackles 
are 


FAFNIR 


BALL BEARING 
SPRING SHACKLES 


| 
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claiming to the world the worth of ot 
product. Marvel Carburetion offers PROVE) 
carburetion. Millions of cars the world ové 
are monuments to Marvel; millions of owne 
through their expressed satisfaction have bh 
come our most valuable trade asset. 

Drive a Marvel equipped car, study its m 
chanical advantage, take note of its economf 
quick get away and fast pick up—this is 
sure way of appreciating Marvel’s responsi\ 
ness. 

Controlled exhaust heat applied direct 
around the throttle turns wet mixtures ini 
highly combustible dry mixtures and comple 
carburetion. 


MARVEL CARBURETER COMPA 
: ft! 


( Varburetion 


] S E as manufacturers are not alone in pn 
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PASSENGER. 
PHAETON 








Body Seen 


GRAND RAPIDS a 





Ws ‘ 


LAY ES | BO 
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Body Built by 


AYES 


MICHIGAN 
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That’s the percentage of Bohn’s annual 
Bearing volume that is of the inter- 
changeable type. From 10 to 70% in 
relatively a few years indicates which 
type of bearing the motor car manu- 
facturer has found the most desirable. 





The Bohn Ring True patented process 
Interchangeable Bearing is machined 
to precision limits. Maximum varia- 
tions in essential dimensions does 
not exceed .00025. 





BOHN ALUMINUM & BRASS CORPORATION, DETROIT, MICHIGAN 


Also manufacturers of Nelson Bohnalite Pistons and Bohnalite Castings 












Sep 
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Special alloy steel 

ackbohns — the or- 
iginal Invar Steel 
Struts—are cast in, 
to control expansion 
and maintain satis- 
factory clearances 
under all engine 
operating conditions 


PISTONS 


‘pon 


ALWAYS OUT IN FRONT:--THE CAR EQUIPPED WITH NELSON BOHNALITE PISTONS 


BOHN ALUMINUM & BRASS CORPORATION Also makers of the famous Bohn Ring 


DETROIT, MICHIGAN True Bearings 
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E She Right Bearing For Every Car 


In Good Company 












A 


A product is known by the company it 
keeps. 


B. C. A. BALL BEARINGS have been | 
selected for use in many of the finest auto- H 
. mobiles produced in this country. Further- 
(eats Pemnaas more, they have given satisfactory service 
teas tie year after year wherever they are installed. 


Clutch throwout and pilot bearings must 
stand the gaff of gruelling service. B.C. A. 
BEARINGS have shown beyond a doubt 
that they are worthy of a place in quality | 
motorcars. They are made in angular con- i 
tact radial types for throwout and pilot pos- | 
itions, also straight thrust types for throw- 
out applications. 


es ETO nn oa Ce 5 ania 


These bearing problems are no longer 
“problems” when B. C. A. BALL BEAR- 


Thrust Bearin . 
8 INGS are selected. 





Bearings Company of America 


DETROIT MICH. OFFICE 
LANCASTER, PA. 1012 FORD BLDG. 





Cool brake drums mean 
brake efficiency. Clark Truck 
Wheels with their hollow spokes 

quickly radiate and dissipate 
brake drum heat. 


CLARK EQUIPMENT COMPANY 
BUCHANAN, MICHIGAN 





. 


yay 
ore of 





. 


Cast steel housings are used exclusively 
in Clark Truck Axles: annealed and heat 
scerlcue meine mmo e lua conlorlahi meomrone 
body the rugged strength essential for 
modern motor trucks carrying excessive over- 
loads. Thus we provide superior strength 
with light construction: minimum deflection 
and vibration and quiet gear operation. 


~CLARK EQUIPMENT COMPANY 
BUCHANAN - - MICHIGAN 
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ILLIONS 


f motorists 


AUTO-LITE performance ; 


The sign of Auto-Liie Ser- 


vice—a national protection 
for car and truck owners 


HEREVER the road leads— 
0 eka Old World villages or 
along America’s super-highways — 
wherever you find automobiles, motor 
trucks and busses—you find them 
equipped with the dependable Auto- 
Lite starting, lighting and ignition 
system. Millions are relying upon 
Auto-Lite for quick action and faith- 
ful service. 

The confidence placed in Auto-Lite 
performance is a result of superior 
engineering design, consistent high 
quality materials and fine work- 
manship. Leading motor car 
manufacturers long ago recognized 


these features—and realized the 


THE ELECTRIC AUTO-LITE COMPANY. . 


ave confidence 


many advantages of placing Auto- 
Lite upon their cars as standard 
equipment. 

Today Auto-Lite on a motor car is 
more than an inspiration of con- 
fidence and dependable performance— 
it is an indication that the car manu- 
facturer has used quality material 
throughout. Auto-Lite builds electri- 
cal equipment for the manufacturers 
of Durant, Essex, Falcon-Knight, 
Hudson, Hupmobile, Jordan, Nash, 
Locomobile, McFarlan, Peerless, Star, 
Stearns-Knight, Velie, Willys-Knight, 
Whippet and many others, including 
more than 80 Truck, Tractor and 


Marine Engine builders. 


. - OFFICE AND WORKS: TOLEDO, OHIO 


Also Makers of Dé Jon 


Auto-Lite | 


Starting, lighting € lgnittion 
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. . - Motor Car Performance 


.... anda Sales Factor 
which merits consideration 


, = and time 


again, there has been noted the superior 
dash and spirit of cars equipped with 
Lockheed Hydraulics. It’s a different 
kind of performance—a smart, full-o’-pep 
performance which undoubtedly has 
resulted in greatly increased sales for 
Lockheed-equipped cars. 4 It is unmis- 
takably true that much of the credit for 
such performance should be accorded 
Lockheed Hydraulics. For the one ele- 
ment which enables a motorist to drive 
with assurance, with verve, even in thic*. 
city traffic, is the knowledge that he can 
decelerate at least as quickly as the car 
in front. 4 It is possible, perhaps, for 
other kinds of four-wheel brakes to at- 
tain — for a limited period — something 
approaching the performance of 
Lockheed Hydraulics. 4 But Lockheed 


Hydraulics give the same fine perform- 
ance when the car is old as when it is 
new. They enable the driver to get the 
most out of his car every mile he drives 
it—not only for the first thousand, but 
for 10,000 or 100,000 miles. 4 During 
all those miles, Lockheed Hydraulics will 
operate as smoothly, as quickly, with as 
little effort, as on the first day of their 
use. 4 When you consider the perform- 
ance of the car you manufacture or sell, 
consider also how greatly improved 
would be that performance in the hands 
of the average driver, if the brakes were 
Lockheed Hydraulics. 4 Consider, fur- 
thermore, how many thousands of addi- 
tional sales would probably result had 
your car the reputation for dashing 
performance to which its chassis ac- 
tually entitles it—a repute which it just 
misses, perhaps, because of its brakes. 


HYDRAULIC BRAKE COMPANY 
DETROIT, MICHIGAN, U.S.A. 


Four BRAKES Wheel 


| 


September, 1998 


LOCKHEED 
HYDRAULICS- 


| LOCKHEED HYDRAULIC: 


Sept 





| 
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The cylinder block castings are tested. Then, 

six at a time, they pass through giant milling 

machines. They are rough cut and finish- 
machined in one operation. 


[ontinental 
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io after year the in- 
creasing demand for the 
best and the most in gaso- 
line power has necessitated 
a continuous expansion 
of Continental’s special- 
ized facilities. Today its 
modern factories cover 75 
acres of the finest research 
and manufacturing equip- 
ment ever devoted to a 
single creative purpose. 


y y A 


These acres of energy and 
productive accomplish- 
ment are being continu- 
ally devoted to the further 
development of the in- 
ternal combustion engine 
in widely varying fields. 
gy y ry 


CONTINENTAL MOTORS 
CORPORATION 


Offices: Detroit, Mich., U.S. A. 
Factories: Detroit and Muskegon 


The Largest Exclusive Motor 
Manufacturer in the World 
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New plant facilities 
enable us to take care 
of the constantly in- 
creasing demand for 
Hutto Cylinder Grinders. 


Large or small, we 
ean furnish equipment 
which leaders in every 
industry recommend 
for speed, accuracy and 
economy .. 


HUTTO 


ENGINEERING COMPANY INC. 
Detroit Michigan 
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i How a modern race car compares with a modern passenger car in size 
The Winning Combination ~ Skilful Drivers 


| and Agathon Alloy Steel for Vital Parts 


EN and metal must be tried and tested before every race. The 
driver who wins must have rare skill and unusual endurance. 
To survive the terrific stress and strain, vital parts—crankshafts, axles, 
; pistons, rods, gears, steering knuckles—must have super-strength. 
For years every leading racing car builder has relied exclusively 
upon Agathon Steels to provide the strength and safety required at 
tremendous speeds. Small wonder that practically all makers of 
pleasure and commercial cars avail themselves of these same qualities Siac tenia satin tlic 
by using Agathon Steels. 
: . . Agathon Alloy Steels 
Many lines of industry are adopting Agathon Alloy Steels. From oa Guan Oe 
locomotives to machine tools, the greater strength, longer life and 2 act _ I ae 
lighter weight of these special-purpose steels are having their effect Mo-lyb-den-um Iron an 
on design and performance. Enduro Stainless Iron, 
We offer our experience freely. The advice of our metallurgists is materials sponsored by 
at the disposal of any manufacturer using steel in any form. Central Alloy Steel Cor- 
poration, largest and most 


Central Alloy Steel Corporation, Massillon, Ohio highly specialized alloy 


Mills: Canton and Massillon, Ohio Steet greeaeer. 
World’s Largest and Most Highly Specialized Alloy Steel Producers 
Cleveland Makers of Toncan Copper Mo-lyb-den-um Iron  ¢¢. Louis 
Syracuse Detroit Chicago New York Seattle 
San Francisco Philadelphia Los Angeles Tulsa Cincinnati 


AGATHON 
ALLOY STEELS 
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Note how the heaviest can- 
vas threads all run in the 
same direction so as to bring 
the butt ends at the point of 
impact, thus giving every 
tooth maximum resistance 
to wear. 


FIBROC INSULATION COMPANY 


215 LINCOLN AVENUE 
VALPARAISO, INDIANA 
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FIBROC 


SILENT TIMING GEAR 


FEATURES 


Moulded Silent gears of FIBROC present the latest 
development of light, durable silent gears to meet the 
special requirements of the automotive industry. They 
combine the following desirable characteristics: 





1. GREAT STRENGTH 
2. LIGHT WEIGHT 

3. PROPER BALANCE 
4. GREATER SILENCE 
5. LONG LIFE 

*@. EQUAL WEAR 


*An exclusive feature of FIBROC silent gears is the method in 
which the rim laminations are laid up so as to effectively elimi- 
nate unequal wear of the teeth. It is obvious that the butt ends 
of the heaviest threads in the canvas base material afford the 
greatest resistance to wear—just as the butt end of a tree trunk 
will resist greater abrasion than the sides. 


The illustration at the left, shows how the heavy threads are so 
arranged as to have their ends receive the greatest force of im- 
pact, and the FIBROC method of cutting the rim laminations, 
scientifically notching them and bending them to the rim con- 
tour, brings these threads in the same relative position in each 
tooth thus giving every tooth exactly the same wearing qualities. 


This design also gives maximum deflection under 
impact which prevents breaking of the teeth. 


Let us tell you more about this important develop- 
ment of FIBROC moulded gears, as well as their 
many other advantages. 
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How the Road 


Makes the Frame Behave 


Intimate knowledge of the ways 
in which the road makes the parts 
of an automobile frame behave is 
the foundation of the Smith Engi- 
neering Service. 


28 September, 1928 





In Co-operation with Frame Engineers 


In the development of new mod- 
els, this organized engineering 
talent is always available to co-op- 
erate with the Frame Engineers 

and Designers on matters of 
Frame Design. 


A. O. SMITH CORPORATION 
Auto Products Division 


MILWAUKEE, WISCONSIN 


SMITHSTEEL 


FRAMES 









Ss. A. E. JOURNAL 


SSS 





‘Ihe Budd engi- 
neering staff has 
had the pleasure of 
co-operating with 
many of the mak- 
ers of America’s 
most famous cars. | 





Philadelphia and Detroit 


€ 


EDWARD G. B [ 1) D MFG. CO. | 
if 
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The world’s greatest srelindion a experts know the value of ideal lighting. For production of new Ford Model Pipe “Better 


Than Daylight” is used on assembly lines and elsewhere in their plants. 


Wi ihe’ 


ah} 


2976 C. H. EB. Co., 1928 


Which will pay better, a larger plant 
or your present one working day and night? 


Whi Wh TPR 


LETIE THAN RRR 





Not a mere claim— 


a statement of fact 
Cooper Hewitts are better than daylight 


not only because they give constant in- 
tensity 24 hours a day but because they 
yield 90% yellow-green (the best seeing) 
rays, and have none of the glare-producing 
qualities which are hard on the eyes. As 


a result, every detail becomes sharp and 
clear as if magnffied, vision is more 
acute and the response of brain and 


hand is more rapid, 


NY economist will tell you that 

it’s better to double your yield 

on a given investment than to in- 

crease your investment without 

increasing the yield in greater pro- 
portion. 

On the same principle, it is far 
wiser to run a plant day and night, 
if more than the day’s output is 
needed, than to increase the size of 
the plant and run only day shifts. 
This can be done profitably if 
the illumination for night work 
is such as to assure efhcient pro- 
duction. 


Night shift production easily 
equals that in the day shift if 


Cooper Hewitt illumination is pro- 
vided. In fact, Cooper Hewitts 
bring out more details, produce less 
glare and fewer deep shadows, than 
the best daylight. 

The old idea that production at 
night necessarily is inferior both in 
_- and bord to that of the 

y was exploded long ago in plants 
using Cooper Hewitts. 


If you're skeptical, however, a 
trial installation, made without obli- 
gation in your own plant, will en- 
able you to draw conclusions from 
personal observation. Cooper Hewitt 
Electric oo ee 803 Adams St., 
Hoboken, N 


COOPER HEWITT 


A General 


Electric 


Organization 
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Exide 


BATTERIES 


It is seventeen years since the first electrically started and 
lighted automobile was produced in America. Exide Bat- 
teries were standard equipment. 


There is a great difference between the appearance and 
performance of the 1911 automobile and the splendid models 
seen on the roads today. Yet great as is this improvement, 
it has been equaled in every respect by the improvement 
made in Exide Batteries. 





The greater efficiency that has been built into this pioneer 
battery, its longer life, yet withal, its decreased weight, all 
reflect the 40 years experience that its manufacturers have 
had in building storage batteries for every purpose. 


The Electric Storage Battery Company 
Philadelphia 


Exide Batteries of Canada, Limited, Toronto 
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| The new No. 6040 | 

| Schrader Service Tire 
Gauge is calibrated in 
one pound gradua- 
tions from 10 to 60 
pounds, and in five 
pound graduations 
from 60to 160 pounds. 


JOURNAL 


Solara der 





Now ready after years of research...a 


single gauge that can test any pneumatic tire! 


 -—- it is...a new gauge built in an 
entirely new way... the mew Schrader 
Gauge with these six important features . . . 


1. One gauge that takes the place of four— 


tests any pneumatic tire, from bicycle to high 
pressure bus or truck tires. 


2. A single gauge calibrated from 10 to 160: 


pounds. 


3. A gauge that is hard to lose or mislay 
because it is bigger than usual. 


4. A gauge with a deflator attached, so that 
you can let air out of over-inflated tires quickly, 


Tire 
Valves 





easily, without damaging the valve inside. 


5. A gauge that is simple, accurate, easy to 
read, and easy to use on any type of wheel. 

6. A rugged gauge, built to stand up under 
the hardest usage—a gauge you can always 
depend on. 

' That’s the new No. 6040 Schrader Service 
Tire Gauge—the most wonderfully efficient, 
all-purpose tire gauge ever produced! 


A. SCHRADER’S SON, Inc., BROOKLYN 


Chicago Toronto London 


Schrader ,*. 


Makers of Pneumatic Valves Since 1844 
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Automatic are welders offer the automotive engi- LOWER COST 

neers one of the most remarkable production tools 

in the whole range of manufacturing machinery. FASTER PRODUCTION 
Yet the surface has been only scratched in the BETTER . ARS 


application of this tool to the production line. 


General Electric not only pioneered the auto- 
matic arc welder but is the world’s largest manu- 
facturer of such equipment. It is also the most 
experienced in applying it to manufacturing 
processes. A visit to Schenectady will give you a 
new conception of the field for this amazing pro- 
duction tool. Plan to spend a day or so with our 
engineers who are constantly developing and 
perfecting arc welding and applying it to hun- 
dreds of processes. 
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; a 7 1 G-E automatic arc welders welding Universal 
a * Joint knuckles on propeller shafts. Each ma- 


chine completes 400 shafts per day 


THE MORE you SAVE , a Welding propeller shafts with a G-E automatic 


arc welder. 





G-E automatic arc welder simultaneously 
* welding both seams on rear-axle housings. 


GENERAL ELECTRIC 


GENERAL ELECTRIC COMPANY; SCHENECTADY. N. Y., SALES OFFICES IN PRINCIPAL CITIES 
NN 
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Carter’s Upholstery Products 
are an accepted standard for 
upholstery trims. With their 
reputation for unusual perma- 
nence, beauty and economy, 
Wrre-On Moutpincs hold an 
enviable position in the trim- 
ming industry. 


Samples and information sent on request. 


THE GEO R.CARIER ©. 
Connersville, Ind. 
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PMULADELPHA 
Week of (0. 


See our v Exhibit 


Long and Practical Steel- “Making Experience 


1990ne Of the factors in Illinois Steel Service» 


—a competent metallurgical department 


i a OLE STI es 
; ib es ¥ 2 Se A+ a de Sad Sap 
. v r ie Sis ren lS Ce 


always willing to serve; 

—long and practical steel-making experience 
backed by furnace equipment of latest design 
and a personnel of quality-steel specialists; 


—a mill equipped to meet the most exacting 
demands; 


—an organization fitted by size,equipment and 
temperament to render the type of service 
alloy buyers like; 

—these are a few of the factors responsible for 

the friends Illinois Alloy Service is making. lf 

they represent your idea of good alloy service, 
you will find this a happy source of supply. 


Hlinnis Steel Company 
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a (Gsood Car 


... but do you keep it sold? 





A 5-Minute Talk Will Avoid a Common Com- 
plaint Which Has “Unsold”’ Many Owners 


After your sale is made—the customer has 
just begun to buy! He is never really ‘‘sold”’ 
unless his car gives trouble-free service. In- 
vestigation among 45,000 dealers, service 
stations and garages shows that owners often 
condemn the car—when faulty lubrication is 
the real cause. 


You can avoid this unjust criticism in five 
minutes when you make your sale. Be sure to 
explain the lubrication system on every car 
you sell. Don’t let the owner drive off until he 
understands the importance of regular and 
proper Alemite-ing. Make sure he will demand 
expert lubrication —- Alemite-ing — not just 
“‘greasing.’”” Thus insure your good car will 
give all the service it’s built to give. 


This 5 minutes pays you 2 ways 


First, by avoiding ignorant misuse of the car 





©T.B. M. Co. 


ALEMITE 


THE COMBINED STRENGTH OF THESE TWO. NAMES—REPRE- 
SENTING THE LARGEST ACCESSORY MANUFACTURERS IN 
THE WORLD—IS YOUR GUARANTEE OF QUALITY. 


you pave the way to future sales. By helping 
the new owner to get the best service out of 
his car. This pleases him—and you know how 
tomorrow’s sales are built on the recommen- 
dation of today’s owners. 


Second, regular Alemite-ing brings the owner 
back at least once a month for service—fre- 
quently more often. This gives you that im- 
portant regular contact with him—and the 
Alemite service you give makes you a service 
profit of from $12 to $25 a year per car. 


But even more important than this money 
return—Alemite-ing can maintain that trouble- 
free satisfaction which keeps the owner SOLD! 


The Bassick Manufacturing Company, Di- 
vision of Stewart-Warner, 20°24 N. Crawford 
Avenue, Chicago, Ill. Canadian address: The 
Alemite Products Company of Canada, Ltd., 
Belleville, Ontario. 





Reg. U.S. Pat. Of. 
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HIGH PRESSURE LUBRICATION. 3 / 
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Automobiles at 
Mundelein, Ill. 
June 1926 
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The confidence 
gained by Long Products 
in the past 25 years is 
due largely to the devo- 
tion and integrity of the 
officers and employees 
of this company, the 
majority of whom 
have been a part 
of this organization 
for many years. 












LONG PRODUCTS 






AUTOMOTIVE 
CLUTCHES 
AND 
RADIATORS 














LONG MANUFACTURING CO., DETROIT, MICHIGAN 
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PISTONS AND RODS 


Aluminum Alloy Pistons and Connecting Rods 
settee ttetlerl (cc Mucytielelucm elcecticmantomeltleltte 
wants the kind of performance they make 
possible. They keep the car sold because the 
man who once drives a LYNITE-equipped car 
will never be satisfied with anything else. 


ALUMINUM COMBARY OF AMERICA 
PITTSBURGH, PA. 





H 
. 
i 
| 
3 
‘ 
| 
4 





2S fe TES ATOM eA thine i Bo. 


ee te ee Cen oe OT EEC ST Ter eny Sane oot 


encom rae i A 


86 


A hurry call for 
help one rainy 
day started him 
thinking. Out on 
the road was an- 
other bus introu- 
ble. Another 
schedule broken. 
More disgruntled 
passengers. Another debit entry 
on the maintenance cost sheets. 





When the bus was finally re- 
turned to the service station, he 
lifted the hood and made an in- 
vestigation. He soon found out 
where the trouble was. Water had 
penetrated into the magneto and 
put it out of business; yetthe mag- 
neto had only recently been in- 
stalled. “Why we used to have 
the same trouble 20 years ago,” he 
thought to himself, “Tt’sa wonder, 
in these modern times, that some- 
one hasn’t designed a waterproof 
magneto.” 


Someone has. Robert Bosch has. 
It is the Original-Bosch Super- 
Energy Magneto. Introduced a lit- 
tle over a year ago, it isa really 
modern magneto. Modern not 
merely because it is truly water- 
proof, but because it combines 
every other characteristic required 
of a modern magneto: 


. 
> 





Super-Energy 
xz @ ==. Ma gneto 
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—its bearings are packed in permanently 
lubricating grease . . . which makes lu- 
brication of ball bearings unnecessary. 


—its construction is absolutely dustproof. 
—its distributor plate design makes it 


impossible for water to reach the high 
tension terminals 


—its distributor plate fits snug tight 
always. 

—it requires no cable terminals. 

—it has a sturdy one-piece aluminum 
frame instead of a die-cast zinc frame, 

—it has laminated pole shoes instead of 
cast iron pole shoes . . . an important 
factor in the super-energy produced by 
this magneto. 

If you want your customers to 
enjoy all theadvantages which these 
improvements we ae ask 
for ademonstration of the Original- 
Bosch Super-Energy Magneto. For 
it is theonly magneto that combines 
all these modern requirements. 


Thestriking differences achieved 
by the Original-Bosch Super-En- 
ergy Magnetointheeconomicaland 
dependable performance of any 
a are plainly presented in 
our new book “Lift the Hood.” If 
you will mail the coupon for acopy 
we shall also send you a copy of 
another new booklet, “Ignition 
» Briefly Described,” contain- 
> ing an elementary descrip- 
tion of various types of 
ignition equipment. 


ROBERT BUSCH MAGNETO CO., INC. 
3605F Queens Boulevard, 
Long Island City, New York 





Please send a copy of your new book ‘Lift the 
Hood” together with a copy of ‘Ignition Briefly 
Described.”’ 
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Every Mile a Pleasure 
With 


Hofmann Frictionless Air Springs 





(Patented) 


HE Hofmann Frictionless Air Springs 
are now applicable on any pleasure car, 
truck or bus. 

The illustration below shows their appli- 
cation on the present Model A Ford car, 
which allows the same relation between axle 
and frame to be maintained and yet adds 214” 
more amplitude in the spring system, allow- 
ing this 214” additional travel on one end of 
the spring before affecting the car frame of 
pleasure cars. 

A Model A Ford car equipped with Hof- 
mann Air Springs was driven over a 20 mile 
test section of road at a speed of 35 to 45 
miles per hour, and by means of mechanical 
counters the number of swings between the 
front axle and the frame of the car were 
recorded, and also the number of movements 
of the Air Spring mechanism. 

With the Hofmann Air Springs in oper- 
ation 917 swings of the front end of the car 
were recorded on this 20 mile test run, and 





456 movements of the Air Spring mechanism. 
The run was then repeated with the Air 
Spring mechanism locked and 1916 swings or 
periods of the car were recorded, thus show- 
ing the marked beneficial effect of the Hof- 
mann Air Springs. 

This apparatus is not a snubber. 

We take all the teeter out of cars equipped 
with balloon tires. 

Charles Faroux, the celebrated French 
automotive engineer, stated sixteen or seven- 
teen years ago, that the automobiles of the 
future would have long flexible leaf springs 
and auxiliary air springs, together with snub- 
bers, to prevent the swings at high speeds or 
over rough roads. 

This Frictionless Air Spring was invented 
by Josef Hofmann, one of the world’s most 
celebrated pianists. 


The Stevens Products Co., Inc. 
Lowell, Mass. 





FOR STANDARD EQUIPMENT 
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“HUH!’’ SAYS CABBIE TERENCE (EXTREME LEFT), “THEM GAS BUGGIES IS ALL RIGHT FOR NUTS 
PLAY WIT’, BUT WHEN PEOPLE WANTS TO GO PLACES DEY WANTS A HORSE.”’’ «I HOPE YOU’RE RIGHT, 
TERENCE,” SAYS GLOOMY GUS (CENTER). *TWAS WITH SUCH MANIFESTATIONS OF CORDIALITY 
AND OPTIMISM THE CAB RANK WELCOMED THE FIRST GASOLINE TAXI (EXTREME RIGHT) IN 1907. 


ODAY the tick of the taxi-meter is heard throughout 
|< land. At almost any curb, by a twitch of the 
finger, you can summon a slice of the rainbow on 
vheels. 


Most likely the wheels are Budd-Michelins. 


For these wheels seen on the smartest cars of Europe 
and America have won the hard-headed taxi companies 
on the basis of safety and convenience. No matter how 
stiff a blow they take in a crash, they cannot shatter 
or coliapse. If a Budd-Michelin bends, the spare fifth 
wheel takes its place. For $3 or so the damaged wheel 
can be fixed. The same little fracas would smash a wooden 





BUDD 


WHEEL COMPANY, DETROIT 
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wheel, tie up the car for hours and cost the price of a 
tow and a brand new wheel. 


That same convenient extra wheel simplifies tire 
shifting. When there’s a flat to change, if comes off with 
the wheel 





and the spare Budd- Michelin goes on. It 
needn't take over four minutes. 


Budd-Michelins’ graceful, curving discs dress up the 
smart, trim car of today. And their smooth surfaces are 
easy to wipe or wash. 

The man who can say all this about the wheels on the 
car he’s selling, knows how often “Budd-Michelin 


equipped” closes a sale for him. 





Also makers of the Budd Interchangeable Wire Wheel and Budd Dual Wheel F 
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A LASTING FINISH 
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Tt | A E ARCO PYROXYLIN 
on. It AB nil LECOUER SYSTEM, 


One of thefirst and most | Once applied, it is advisable that Don’ tjusttakeour word 
ip the | | important requirements | the finish should not check, peel or | for it. Let us send a man 
‘es are | | of a good autobody fin- § shatter. It must withstand the rig- 

Ee ish is that it will last. } orous extremes of weather without 
on the '  Arcozon does. _ losing its velvety brightness. Arcozon 
-helin Froma production point meets these conditions. 

 ofview,itis essential that In fact, you can check the long list = 
a good finish may be ap- | of requirements that makeupathor- | more manufacturers are 
plied rapidly without } oughly satisfactory finish . .-. and § adopting Arcozon rT 
pitting or piling up. Ar- | you will find that Arcozon fulfills J] @ standard finishing 
cozon is such a finish. every one of them. : method. (204) 


from our technical de- 
partment to prove these : 
facts for you. Then you 
will realize why more and 


. THE ARCO COMPANY + CLEVELAND, OHIO. + .In Canada + THE ARC CO.., LTD., TORONTO, ONT. 
New York * Chicago ‘ Detroit . San Francisco * Dallas 


PAINTS VARNISHES ENAMELS LACQUERS — 
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Here’sa Newer, Faster Way to Balance 


Crankshafts 


100% increase in production ob- 
tained over any other type of Balanc- 
ing Machine Equipment developed up 


to the present time. 


Y Qe <a Ga “es ase Sar “ae 


Write for information and partic- Fi 1 | 
ulars on the ae |e | | 
Olsen-Lundgren Centrifugal High 


Tension Spark Type of Balancing 
Machine 


SOLE MANUFACTURERS 


TINIUS OLSEN TESTING MACHINE COMPANY 
500 N. 12th St., Philadelphia, Pa. 


5 a 4 
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nti-freeze solutions and 
motor efficiency—through mainte- 
| nance of efficient motor temperatures 
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OST automobile motors oper- 

ate at highest efficiency when 
the temperature of the cooling water 
is around 180°. 

But, unfortunately, many ordinary 
anti-freeze solutions boil away or 
quickly evaporate at around this tem- 
perature. To prevent this the motor 
operating temperature must be kept 
low. The result is wasted fuel,crank 
case dilution, excessive wear, and 
less flexible motive power. 

Hence the value of the higher 
boiling point of G.P.A. Radiator 
Glycerine anti-freeze solution. 
It permits the motor to operate at 
the temperature of highest efficiency. 


U. S. Bureau of Standards describes 
the ideal anti-freeze as ‘‘one that will 
prevent freezing of the radiator liquid 
without injuring either engine or radia- 
tor, that will not lose its non-freezing 
properties after continued use, and that 
does not materially change the boiling 
point of water when dissolved in it.”’ 

G.P.A. Radiator Glycerine meets 
all these qualifications, including the 
last. Its boiling point when used in 
the cooling system is from seven 
to thirteen degrees higher than that of 
water. It will not boil off if radiator shut- 
ters or thermostats are used to maintain 
efficient winter running temperatures. 
At the same time it boils at a low enough 





ascus 


temperature to give ample warning 
against overheating. That is why makers 
of shutter fronts have specifically rec- 
ommended the use of glycerine anti- 
freeze in connection with their devices. 

Other qualities of G.P.A. Radiator 
Glycerine which recommend it to both 
the engineer and to the public are: 


| It will prevent freezing to -—30°F. 


2 It gives permanent protection be- 
cause glycerine will not evaporate. 


3 It is as safe to use in the cooling 
system as water. 


4 It has no unpleasant odor. 
5 It will not harm lacquer. 


6 It is non-inflammable and non- 
poisonous. 


The Glycerine Producers’ Association 

will be glad to cooperate with engineers 

and executives in supplying detailed 
information and service. 


lv DIATOR 


ycerine 


THE SAFE ANTI-FREEZE 


GLYCERINE PRODUCERS’ ASSOCIATION 
45 East 17th Street, New York City 
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Our pleasure in contrib- 3 

uting to the progress in LAST INDEFINITELY 
the manufacture and use 4 

of alloy steels, is not alone 
in the spreading rec- 
ognition accorded our 
own product nor in our 





growth, but also in the a 
pleasure Interstate cus- 1 NON-GRAN of cones tame auanee 


tomers seem to have had tT 
in getting the steels they | 
wanted — exactly—and 
when they wanted them. 


American Non-Gran Bronze Corp. 
BERWYN, PENNA. 









INTERSTATE IRON & STEEL CO. 
104 South Michigan Avenue 
CHICAGO 






DEPENDABLE 


In the operation of a complete 
and modern Felt Cutting 
Plant at Detroit, as well as 
four Felt Mills, the American 
Felt Company has provided 
the Automotive Industry with 
an entirely dependable source 
of supply. Quality, uniform- 
ity and quantity are under 
complete control from the 
raw wool to the automobile. 









Open Hearth Alloy Steel Ingots, 

Billets, Bars, Wire Rods, Wire, 

Nails, Cut Tacks, Iron Bars and 
Railroad Tie Plates 



















Alloy Steels 


District Offices: 
NEW YORK—52 Vanderbilt Avenue 















DETROIT —Washington Boulevard Building ° 
MILWAUKEE-—First Wisconsin Nat’l Bk. Bldg. AmericanFfelt 
ST. PAUL—Merchants National Bank Building com a 


ST. LOUIS—International Life Building — = 
KANSAS CITY—Reliance Building 






Chicago Philadelphia 


San Francisco 





Detroit 
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Speed With Ease 


Getaway 
Without Strain 





i The Uni oy, ‘tee 
_of the Universe ai 
rs : ECH AN i C i | With traffic eight cars 
i OIL LUBRICATED- -OILTIGHT | wide on the Boulevard, with 
“UNIVERSAL JOINTS i racing motors ready to jump 

at the signal light like horses 

at the post, what other Clutch 
Standard equip- has responded like the Borg 
& BeckPp 





ment on many of 


the finest as well ‘hat capacity tor deliver- 


as the most pop- ing “Speed with Ease” and 
“Getaway without Strain” is 
what has made the Borg & 
Beck Clutch predominantly 
the standard equipment of 





Built as only 
mechanics ular cars of the 


build. 
- world. 


the industry. 
Mechanics Universal 


Joint Co. 


Rockford, Illinois THE BORG & BECK 
ss liatineiites COMPANY 


York C. A. S. ENGINEERING CO. 
1422 Woodward Ave., Detroit, Mich. 


310 SOUTH MICHIGAN AVENUE CHICAGO 
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WIRE 


for the 


Automotive 
Springs for 


Industry Mechanical Purposes 


Flat Wire, Strip Steel for C0223 Ae - Fiat .Oe 
Fenders and other Automo- EVERY DESCRIPTION 
bile Use. Springs, Ignition 
Wire, Wire Mesh for Auto 
Roofs. 


Wire for every known Automo- ANN ARBOR, MICHIGAN 


bile Purpose. 


| | 





CooK SPRING 
COMPANY 








tC eee 


Reliable and Dependable are American Steel 
& Wire Company’s products. 





Time and Use has demonstrated this. 







For more than a quarter of a century we have 
been supplying the Automotive Industry with 
our QUALITY PRODUCTS. 


We offer the services of our Engineering de- 
partments, and invite correspondence. 















CELORON 


Silent Timing Gears 







a nn 


Send for our Manual of Electrical Wires and 
Cables, Springs, Flat Wire and other cata- 
logues describing Wire Products for the Auto- 
motive Industry. 


Ignition, Starting and Lighting Cables for 
Automobiles, Airplanes, Tractors, etc. 






American Steel & Wire Company 


SALES OFFICES 


Now Standard Equipment 





















CHICAGO...... 208 So. La Salle St. NEW YORK.........30 Church St. , bil 
CLEVELAND....... Rockefeller Bldg. BOSTON ............ Statler Bldg. on 62 Automo 11e Motors 
DETROIT.......... Foot of First St. PITTSBURGH.......... Frick Bldg. - 5) @ ft 
CINCINNATI.....Union Trust Bldg. PHILADELPHIA.....Widener Bldg. 

MINNEAPOLIS-ST. PAUL, ATLANTA.......... 101 Marietta St. 




















THE CELORON COMPANY 


Merchants Nat’] Bank Bidg., St. Paul 

















WORCESTER.......... 94 Grove St. 
SP. 1O0%.........-. 506 Olive St. BALTIMORE......32 So. Charles St. BRIDGEPORT, PENN. 
ie ae Grand Ave. ee 670 Ellicott St. In Canada: 350 Eastern Ave., Toronto 
ee Pees Sek ate SR a. lees Bek Ble. DIVISION OF DIAMOND STATE FIBRE CO. 
BIRMINGHAM....Brown-Marx Bldg. “SAN FRANCISCO...... Russ Bldg. 
HIS *LOS ANGELES . : 
Deine end Plenters Beak Bids 2087 E. Slauson Ave. Celoron laminated products, molding powders 
_  Creentpreet Scundian maar. *PORTLAND......777 Nicolai St and varnishes are bonded exclusively with Celoron 






resins. Celoron is the only laminated phenolic 
material manufactured entirely by one organi- 
zation under the control of one laboratory. 





DENVER....First Nat’l Bank Bldg. *SEATTLE..4th Ave. S. & Conn. St. 
SALT LAKE CITY Walker Bank Bldg. *United States Steel Products Oo. 
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24. States Have Temperatures of Zero 


or below, beginning in November. That means starting troubles for 
car owners, heavy drains on their car batteries, extra strain and wear 
on electrical equipment, motor, starting gears, etc. . . . dissatisfac- 
tion on part of car owner and grief for car dealers and distributors. 


AS'KE AUTOMATIC FUEMER 


does away with all this trouble by making starting easy in the coldest 
weather. it is working successfully on many different makes of cars. 
Used by four leading car manufacturers as standard factory equip- 
ment. It will work on your car. Demonstration arranged at your 
convenience. Correspondence invited. 


AS-KE FUEMER CO., 2919 Stevens Ave., Minneapolis, Minn. 
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EXACT CARBURETION 


he Utmost 


nf erformance = Conony 


| — that is what sells automobiles 
— that is what a Schebler gives 


SCHEBLER 3) cv CARBURETORS 


*REG. U.S. PAT. OFF. THE HEART OF THE ENGINE 








. eS 





WHEELER-SCHEBLER CARBURETOR COMPANY Established 1901 INDIANAPOLIS, U.S. A 


Schebler Carburetors are standard equipment on a wide variety of good cars such as 


AUBURN — BUGATTI~ CHANDLER ~ DAGMAR ~ DUESENBERG ~ du PONT ~ ELCAR ~ ERSKINE~ GARDNER 
GRAHAM-PAIGE ~ KISSEL ~ LOCOMOBILE ~ McFARLAN ~ OLDSMOBILE — REO ~ STUDEBAKER ~ VELIE 
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DROP FORGINGS 


Backed by 45 Years’ Experience 


AUTOMOBILE TRUCK TRACTOR 


Se 


Complete Heat TREATING AND LABORATORY FACILITIES Capacity 2500 Tons Per Monta | 
Any Type—Any SizeE—UP To 500 ss. 


UNION SWITCH & SIGNAL CO. 
Drop Force Division 


PITTSBURGH DISTRICT SWISSVALE, PA, | 





Flexible All-Metal Fuel Lines for Trucks, Tractors and Busses 


Titeflex is all-metal. 

Titeflex eliminates broken fuel lines. 

Titeflex absorbs vibration within its own structure. 
Titeflex is tight for the carrying of gasoline, oil and air. 
Titeflex being flexible is easy to install, and speeds up a production line. 


—— ooo — a 
, LOR ORORA PASE 











Complete Catalogue sent on request. 


TITEFLEX METAL HOSE CO. 


500 FRELINGHUYSEN AVE. NEWARK, N. J. 


HOOPES WHEELS 


HOOPES HOOPES-PARKER 

WOOD SPOKE METAL FELLOE 2333? HUB INTEGRAL MALLEABLE 
WHEELS WHEELS 

For Use with Single and Dual Solid Tires 




















. * Be ncn Shenae 4 pha 





For Use with Single and Dual Pneumatic Tires 


Hoopes, Bro. & Darlington, Inc. 
WEST CHESTER, PA. 


SE NS we roe On nt eCd Sew) COREY Seer Cee aE cae " 





Builders to the most discriminating passenger car and 
truck manufacturers in the United States and Europe. 


—¥ — 
Se] Ax IN mam Con 
S STATRARDE 
= 2 Ime i— CIMPFAANY 
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Ao Bet ag I ORAL SATEEN Ra See SE. Tom 


Meeeenen? weeerren 


MANUFACTURERS 2 LEAF SPRINGS 
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Detroit Tire Carrier 


No straps or chains to chafe the tires 


| 






Employment 
Service 


The Society endeavors to 
serve its members as com- 
pletely as possible in the mat- 
ter of employment. Approxi- 
mately 150 men are placed in 
positions each year through 
its Employment Service, at 
salaries ranging from $2,500 
to $10,000 or more per year. 























Through a system of BUL- 
LETINS mailed twice each 
week, addressed for the per- 
sonal attention of the Gen- 
eral Managers, the Society 
keeps in touch with approxi- 
mately 1000 companies of 
good standing in the indus- 
try. 





Contact is maintained also 
with Technical Schools and 
Publishers of Trade Maga- 
zines. 


on10 0 20 0 i oe IOEI0 —— 10 


Standard Equipment on Majority ef 
America’s Better Cars 













BULLETINS OF POSITIONS 
AVAILABLE are mailed fre- 
quently to members to whom 
they are of interest. 






Detroit Carrier & Manufacturing Company 
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The Bulletins of Men and 
Positions Available are 
mailed regularly to the Sec- 
retaries of the Sections of 
the Society for the purpose 
of making the Bulletins 
readily accessible to compa- 
nies and to members located 
near the headquarters of the 
respective Sections. 
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N almost every case where 
Bullards are installed they 


al 

: 
= the “key production | 
= units” of the manufacturing | 
2 process. All other factors are | 
| dard. It’s hard to believe that 

: 


T 
SS 













When requesting that bul- 
letins be sent to you, please 
specify whether you wish the 
bulletin of Men Available or 
that of Positions Available. 


There is no charge for this 
service, to members or com- 
panies. 































Address: 


S. A. E. Employment 
Service 


ee EERO ITO Oe AE 


brought to the Bullard stan- 
the influence of Bullard econ- 
omy is confined to the specific 
operations these units perform. 


Society of Automotive 
Engineers, Inc. 


29 West 39th Street 
New York City 


Sections Secretartes receive the 
Bulletins regularly 











The Bullard Machine 
Tool Company 


Bridgeport, Connecticut 
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BOSSERT 
STAMPINGS 


As in the first days of the Automo- 
bile and Truck, reliable stampings 


PIONEERS 

e}intels 

DIE-CASTING , INDUSTRY 
FRANKLIN; 

A SAND ENTE 

CORPOR'ATION 


WAS yraicu'se Ud f, 
45°: dike Fes 





with dependable deliveries at com- 
petitive prices. 


The Bossert Corporation 
Main Office and Works: Utica, N. Y. 


BRANCH OFFICES: 


Cleveland, Ohio, 605 Swetland Bldg 
Detroit, Mich., 1122 Book Bldg. 
New York City, 30 Church St 


ono 0200 2100 mo 10 
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SPRING MAKERS FOR THREE GENERATIONS 
SRLS ELT IY Meee Pe Ue 





HEN you require cooperation in 

the design or other factors asso- 
ciated with the use of Springs, won’t you 
take advantage of our special engineering 
resources? 


Competent Technicians 


Practical Springmakers 


Producing 
Sample Spring Dept. A complete line of 
(Fully Equipped) —BALLS— 
Testing Laboratories win ater 


and 
(Chemical and Physical) ROLLER BEARINGS 


Send us your Blue Prints. 


THE WALLACE BARNES CO. 


BRISTOL CONN. 





arnes-made Springs 


SPRINGS ASSEMBLIES SCREW MACHINE PARTS 
STAMPINGS SPRING WASHERS COLD ROLLED SPRING STEEL 
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Car Owners 


appreciate 
this “trouble- 
proof” shock 
absorber. It is 
the only shock 
absorber un- 
conditionally 
guaranteed for 
the life of the 
car against 


strap and spring 


rezLigm $2,200 
regLere #3Q00 


breakage. 


HANSO 


SHOCK ABSORBERS 


Manufactured by CHANSON DIVISION 
Illinois Iron & Bolt Co., Carpentersville, Illinois 





FENHIS Company has been engaged in the 
| production of camshafts exclusively since 

its inception in 1916 and our organization 
is composed of men who have become special- 
ists in the operation they are asked to perform 
in machining and heat-treating them. Equip- 
ment developed in this plant makes it possible 
to turn out experimental work rapidly. Twenty- 
four hour deliveries after receipt of order fre- 
quently being accomplished. 


We are in a position to render unusually accu- 


rate service in cam production, checking valve 
lifts in .0001”. 


A system of double checking pyrometer and 
test bars insure heat-treating accuracies. 


Many of the larger manufacturers are now finding it to 
their advantage to abandon their camshaft machining 
departments and let us take care of their production 
and experimental camshaft problems. We are always 


glad to assist anyone who is having difficulties with their 
camshafts. 


LO GSES eeeactuaNG C2. 


MUSKEGON, MICH. 
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Leece-Neville { e 
Patented _ 


Battery cannot be over-charged, 
The battery is charged only at 
the correct rate for its state of 
charge. 

Battery will operate longer with- 
out requiring replenishing of 
electrolyte. 

Life of battery greatly prolonged. 
Lights can be operated direct 
from generator. 

Loose connections will not cause 
lamp bulbs to burn out. 

Makes most economical gener- 
ator system. 

Any Leece-Neville Voltage Regu- 
lated Generator can be _ used 
without battery. 

Lamp life greatly prolonged 
Motor coaches fitted with Leece- 
Neville voltage rerulated gener- 
ators provide passengers with 
satisfactory illumination and safe 
transportation 


CLEVELAND 
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Isn’t It Just 
Common Sense 
to Keep Your 
Expense Sheet 
As Low As 9 


. * 
Possible 


INIMIZE your electrical 
maintenance with Leece- 
Neville Voltage Regulation. 


Leece-Neville voltage regula- 
tion equipment is built to a 
quality standard and not to a 
price. It is a guarantee of a 
stability and service such as 
every successful operator de- 
mands. 


Specify Leece-Neville on your 
next truck keep down 
that expense sheet. 


THE LEECE-NEVILLE COMPANY 


OHTO 


PATENTED VOLTAGE REGULATION 
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Correct 
Chassis 


Lubrication 


ore genmentiy > 
P grease fit- 
tings Cmees they 


Gits Chassis Oilers 


DO IT BETTER 


Gits Bros. Mfg. Co., 1940 S. Kilbourn, Chicago 
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GIBSON -SPRINGS 





FOR ALL USES | 
MOTOR 
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1800 CLYBOURN AVE. 
CHICAGO 






FULLER means *SFULLER” 


HE name “Fuller” on truck, bus and 
tractor transmissions means: 
Veil itame le taleriuelee talel moms) areltriiia a 
materials, individual parts, and finished 
transmissions. Fuller is the world’s only 
builder controlling every 
operation from rough billet to finished 
Almere lt re eum talelereltelt@e cela +t ta tia 
heat treating. 
A fuller of satisfaction to the 
manufacturer and user and — 


transmission 


casting and 


measure 


A fuller measure of good-will associated 

with the name “Fuller”, adding measur- 

ally to the fullness of your own prestige. 

Oliimraitatitaan mule. gladly go any- 
where for conference when either 
standard or special transmissions 

are being considered. 

FULLER & SONS MANUFACTURING CO. 

Division of Unit Corporation of America 


KALAMAZOO, MI 


HiGAN 


STANDARD FOR TRUCKS || 
and SPECIAL TRACTORS 
TRANSMISSIONS and BUSSES || 





TRANSMISSIONS 








' [° CHASSIS : 
2@ BODY @ & 
~ OF ALL g = 
\ MATERIALS | 


—__” 


WM. D. GIBSON CO 


jf 
t 











HONEYCOMB 
and 


TUBULAR 


Large Manufacturing Facilities 
Modern Equipment 
Prompt Service 


THE G & O MANUFACTURING CO. 
New Haven 


Conn. 










High Compression 
Cylinder Heads 


Cylinder heads made of Egalite make possible increase 
of compression because of the elimination of detonation 
tendencies by more effective combustion chamber cooling. | 

The Egalite book is a compilation of facts concern | 
ing many practical tests made with Egalite and will be 
sent gladly on request. 


Complete facilities and information to anyone desiring to 
investigate Egalite. 


THE EGAL METAL PRODUCTS CO. 


Fallsway and Eager St., Baltimore, Md. 


1921 E. Larned St., Detroit, Mich. 
111 Broadway, New York, N. 


GALITE 


A New Contribution to Automotive Engineering 








September, 1928 
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STROM single-row an- 


gular contact ball bearings 


for combinations of heavy radial loads 
and thrust loads up to 300% of radial 
capacity. 


The 
NEW WHITNEY CHAIN 


With Double Interior Engaging Links 


(Patented 1670278) 


The features of large molybdenum alloy steel balls 
and extra number of balls, deep race grooves and 
sturdy retainers are combined in the Strom angu- 
lar contact bearings making these bearings espe- 
cially adapted for combinations of unusually heavy 
thrust loads and heavy radial loads. 


Strom angular contact ball bearings are exception- 
ally well suited for worm gear and similar mount- 
ings. Our engineers will be glad to tell you how 
these bearings can be used for carrying combined 
radial and thrust loads. 


STROM BEARINGS CO. 
4533 Palmer Street, Chicago, IIl. 


Cleveland Philadelphia Detroit Cincinnati San Francisco Atlanta, Ga. 


FRONT END DRIVES 


This NOVEL “WHITNEY” CHAIN has double in- 
terior engaging links, formed in such a way as to have 
sprocket tooth contact at both inside surfaces of the 
links instead of the end surfaces. The action is such that 
a portion of the load on the pins is relieved during the 
flexing of the chain joints. 


Manufacturers of a complete line of high-grade ball bearings 
radial (single and double row), angular contact (single and 
double row), and thrust types. 


Strom 


SAE 9-Gray 


A number of prominent automobile builders have 
already adopted this chain as standard equipment. 


THE WHITNEY MFG. CO. 


Hartford Conn. 









Hardness 
Tests 
Without 


Damage 


{In making hardness tests 
with Shore’s’ Portable 
C 2 Scleroscope, the in- 
evitable permanent de- 
formation is microscopic 
and in no way damages 
the salability of t 
product. 


Used in testing hardest 
or softest metals, on 
pieces of any shape, size 
or thickness—capacity for 
1000 tests per hour makes 
Shore’s New Model C 2 
Portable Scleroscope prac- 
tical for testing parts in 
— manufactur- 
g. 
















Easil operated, 
portable, efficient. 


oj pian . 


Ne: 


Y 


lf, 


ow 


Send for Bulletin 22 
for details of this hard- 
ness testing method 
and of the Shore's 


A complete line 
for Motor Buses, 
Tractors and 





Or TRUCKS 





Trailers Scleroscope. 
FRONT AXLES ONLY The Shore y REAL REST & Mfg. Compan 
SHULER AXLE COMPANY Van Wyck Ave., and Carll St., JAMAICA, f. =f 
Louisville Incorpevated Kentucky FOREIGN AGENTS: 
nema” 


Apeat = British Bugis, _ Cow oom ae Gace, I4d., ie Palmer *. 
- ° estminster, London, 8. W. amatake » Tokyo, Japan. ux Forges 
Member of Motor Truck Industries, Inc., of America Vuleain, Paris, France. R. 8. Stokvis & Zonen, Ltd., Belgium and Holland. 
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DROP » G Dp FORGED 
| Ki \ 


. SHAFTS 





Counterbalanced 


CRANK SHAFTS 


and 
Heavy Die Forgings 


THE ParK Drop Force COMPANY 
Cleveland, Ohto 


New Process Gear Company 
Incorporated 


Differential Gear Manufacturers 


Syracuse, N. Y. 


Adams Axle Company 
Axle Manufacturers 


Syracuse, N. Y. 


Warner Corporation 


Transmissions and Steering Gears 


Muncie, Ind. 
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Cleaning 
that keeps pace 
with production 


ITH dozens of plants turning out thousands of 

cars a day—cleaning materials have reached an 
unprecedented importance in the automotive industry. 
There is no time for rehandling rejects or waiting 
for an inefficient compound to do its work. A quick- 
acting, thorough cleaner is essential. 
And you will find that Oakite cleaning ‘“‘fills the 
bill”. High speed—thoroughness—precision—and low 
cost are characteristic of Oakite methods. 










Step up your cleaning to meet production. Call in 
an Oakite Service Man—he will gladly show you 
how. No obligat:on. 





Manufactured only by 
DAKITE PRODUCTS, INC., 50D Thames St..NEW YORK,NY. 


OAKITE 


e eee mane 466 » 6 Oar a 
Industrial Cleaning Materials ana Methods 
Oakite Service Men, cleaning specialists, are located in the 
leading industrial centers of the United States and Canada 








FRESH OIL 


of Heavy Duty 
Motors 


~) 


@ 





In heavy duty engine design, there is 
now a strong tendency toward systems 
of lubrication that provide fresh oil 
for the cylinders with recirculated oil 
for the bearings only. 








Complete information on Madison-Kipp Fresh Oil Sys 
tems will be sent on request to anyone interested. 


Madison-Kipp Corporation 
Madison, Wisconsin 
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YO OLGA OLS) 





1928 
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for the 


Automotive 


Industry 
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| RUBBER ACCESSORIES AND TRIM 


2 MOLDED PARTS MADE TO 
3 CUSTOMER’S DESIGN 


RUBBER GLOVES 
oro 


Manufacturers 


THE AETNA RUBBER CO. 








“TASCO” 


METAL STAMPINGS 


WE USUALLY MAKE THEM 
IN LESS OPERATIONS 
THAT’S WHY OUR PRICES 
GET THE BUSINESS 


FORGED STEEL 
RINGS and BANDS 


FOR RUBBER - BOILER - RAILROAD 
SUGAR REFINING - FLYWHEEL GEARS 
ENGINEERING AND ALLIED INDUSTRIES 


THE AKRON-SELLE CO. 
AKRON, OHIO 




















TRADE MARK 


DIE CASTINGS 
oF ALCOA ALUMINUM 


Less finishing and polishing be- 
cause of the hard, smooth surface 
imparted to the casting by its 


steel die ... extreme accuracy. 


A specialist will consult 
with you on request. No 
obligation, of course. 


ALUMINUM COMPANY OF AMERICA 
2435 Oliver Building, Pittsburgh, Pa. 
ALUMINUM IN EVERY COMMERCIAL FORM 


ALUMINUM DIE CASTINGS 
for Strength, Lightness, Economy 


? 7] 
j ; | 
\ — i ie) | 
\ > // e~ eo, 
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<2. Common-Sense 
@,) _Window 
Regulators 


\ In 


\ F 
\ avor 


\ Everywhere 
With Discriminating 
Body Engineers 


You need only inspect and test “COMMON-SENSE’”’ Regulators 
to be convinced that they possess outstanding advantages. 

We shall be glad to furnish responsible parties with “COMMON- 
SENSD”’’ models for inspection and testing. 

We make regulators for all standard bodies, also design and 
build types for special work. Send us drawings or blue prints of 
your custom jobs and we will submit plans and descriptions of 
“‘COMMON-SENSE”"’ Regulators to meet your requirements, 

Satisfaction will be certain, if you will 















Make “‘COMMON-SENSE”’ Your Buy-Word 


Ackerman-Blaesser-Fezzey, Inc. 
1258 HOLDEN AVE., DETROIT 


Export Distributors Canadian Distributors 
NoLan SmiTH & Co. COLONIAL TRADERS, LTD. 
109 Broad St., Chatham, Ont. 


New York, N. Y. 
Pacific Const Distributors 
WATERHOUSD-LESTER-Scovet Co. 
540 Howard St., San Francisco, Calif. 















S. A. E. JOURNAL September, 1928 








—_ si vom ten 


Los Angeles 
Aeronautic 
Meeting— 
Sept. 11 and 12 
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For details of Meeting, which will be 
reported in the October Issue of the 
S. A. E. Journal, see page 225 of this 


issue. 
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$ 1.00 


per dozen 


ric 
an Pencit Co. 


NIQUE 


9E MARK 


THIN | iy ay BD, 
COLORED PENCIL 


Lt. Greeti 


ores the pencil you need for Blue 
checking, figuring, marking Red Maroon ; 
blueprints, sketching, etc. Green Sepia 
At all dealers, or send for any White Mauve 
color or assorted colors (or the Purple Dark Red 
assortment illustrated above) Brown Olive Green 
at $1.00 per doz. pencils. Orange Chr. Yellow 
American Lead Pencil Co. Yellow Violet 
532 Willow Ave., Hoboken, N. J. Pink Vermilion 
Makers of the famous VENUS Pencils Lt. Blue Black 





Attention is directed to 
announcement regarding 


Part I of the 1927 


Transactions on p. 14. | 
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MEMBERS’ PROFESSIONAL 
CARDS 








FRANCIS W. DAVIS 


CONSULTING ENGINEER 


VELOPMENT—TESTS—OPERATION 
TRUCKS—AUXILIARY EQUIPMEN 


DESIGN—DI 


4 MOTOR 
CARS NT 


COMPLETE EXPERIMENTAL DEPARTMENT 
WALTHAM, MAS: 


124 LEXINGTON STREET 
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|| ||. Master Ball 
Bearings 
Product of 
AHLBERG BEARING COMPANY 


321 E. 29th St., Chicago, IIl. 


Factory Branches in 32 Cities 








ct 
KEYSTONE 


Tuis Company is the largest 
and oldest manufacturer of 
| acomplete line of high grade 


“OppeR ott 


For Rust-resistance! 





Automobile Sheets 


for auto construction, bodies and parts: Body, Fender, 
Cowl, and Hood Sheets; Deep Drawing Sheets, ‘Terne 
Sheets, Stamping Stock, Etc., adapted to every purpose. 


SHEET! 


AMERICAN SHEET AND TIN PLATE COMPANY Pittsburgh, Pa. 


——_ oan ES OFFICES: Chicago, Cincinnati 

enver, Detroit, New Orleans New Yo: rk 
Philsdeiphis, ” Pitts sburgh, St. Louis 
Pacific Coast — a United States 
Steel Products Company, San Francisco Y 
Los Angeles, Portland, Seattle 

E rt Representatives : 
United States Steel Products , 













Y New Ye ork City 
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Absorbers, Shock 


Houde Engineering Corporation 
Stromberg Motor Devices Co. 
Watson ., John Warren 


Absorbers, Shock, Hydraulic 
Monroe Auto Equipment Co. 


Accessories, Punch Press 
Danly Machine Specialties, Ine. 


Alloys, Alumino-Vanadium 
Vanadium Corporation of America 


Alleys, Aluminum 


Aluminum Co. of America 
Egal Metal Products Co. 
Franklin Die-Casting Oorporation 


Alloys, Babbitt 


Federal-Mogul Corporation 
Franklin Die-Casting Corporation 


Alloys, Brass 
Copper & Brass Research Associa- 


n 
Mueller Brass Co. 
Scovill Mfg. Co. 


Alloys, Bronze 
Copper & Brass Research Associa- 
tion 


Dole Valve Co. 
Mueller Brass Co. 
Scovill Mfg. Co. 


Alleys, Cupro-Vanadium 
Vanadium Oorporation of America 


Alloys, Ferro-Chrome 
Vanadium Oorporation of America 


Alloys, Ferro-Molybdenum 
Vanadium Oorporation of America 


Alloys, Ferro-Silicon 
Vanadium Oorporation of Americs 


Alloys, Ferro-Tungsten 
Vanadium Oorporation of America 


Alloys, Ferro-Vanadium 
Vanadium Oorporation of America 


Alleys, Silico-Manganese 
Vanadium Corporation of America 


Alloys, Solder 
Copper & Brass Research Associa- 
tion 


Alloys, White Bearing 
Franklin Die-OCasting Corporativo 


Aluminem Castings, Die-Cast 


Aluminum Co. of America 
Franklin Die-Casting Corporation 


Ammieters 
General Blectric Oo. 
Nagel Electric Co., Inc. 


Anti-Freeze Radtator Solution 
Glycerine Producers’ Association 


Apparatus, Ignition 
Bosch Magneto Co., Inc., 
General Electric Co. 
North East Dilectric Oo. 


Apparatus, Laboratory 
Olsen Testing Machine O©Oo., Tinius 


Robert 


Axies, Front, Motor-Track 
Shuler Axle Oo., Inc. 


axles, Front, Passenger-Car 
Adams Axle Co. 


Axles. Motorcoach 
Clark Equipment Co 
Shuler Axle Co., Inc. 


Advertisers whose products conform to S.A.E. specifications are also listed in the S.A.E. 
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Axles, Rear, Motor-Truck 
Clark Equipment Co. 


Axles, Rear, Passenger-Car 
Adams Axle Co. 


Axles, Front, Tractor 
Shuler Axle Oo., Inc. 


Axles, Trailer 


Hoover Steel Ball Co. 
Shuler Axle Oo., Inc. 


Balls, Brass and Bronse 
Hoover Steel Ball Oo. 


Balis, Monel Metal 
Hoover Steel Ball Co. 


Balls, Steel 


Hoover Steel Ball Co. 
New Departure Mfg. Oo. 


Balls, Steel, Stainless 
Hoover Steel Ball Co. 


Bands, Steel 


Bethlehem Steel Co. 
Donner Steel Co., Inc. 
Illinois Steel Co. 


Bars, Bronze 


Federal-Mogu!l Corporation 
Mueller Brass Co. 
Scovill Mfg. Co. 


Bars. Pry 
Danly Machine Specialties, Inc. 


Batteries, Farm Lighting 


Electric Storage Battery Co. 
Willard Storage Battery Oo. 


Batteries, Radio 
Electric Storage Battery Co. 


Batteries, Storage 


Electric Storage Battery Co. 
Willard Storage Battery Oo. 


Battery Cases 


Aetna Rubber Co. 
Richardson Co. 


Battery Parts, Rubber 
Aetna Rubber Co. 


Bearings, Babbitt and Bronze 
American Non-Gran Bronze Corpora- 
tion 
Bohn Aluminum & Brass Corporation 
Federal-Mogul Corporation 
Franklin Die-Casting Corporation 
Mueller Brass Co. 


Bearings, Babbitt Metal 
Federal-Mogul Corporation 


Bearings, Ball, 
tact type 


Ahlberg Bearing Co. 
Bearings Co. of America 
Fafnir Bearing Co. 
Hoover Steel Ball Oo. 
New Departure Mfg. Oo. 
8S K F Industries, Inc. 
Strom Bearings Co. 


Angular Con- 


Bearings, Ball, Annular, Light, 
Medium and Heavy Series 


Ahlberg Bearing Co. 
Fafnir Bearing Co. 
Federal Bearings Co., Inc. 
New Departure Mfg. Oo. 
Norma-Hoffmann Bearings 
tion 
8 K F Industries, Inc. 
Standard Steel & Bearings, Inc. 
Strom Bearings Co. 


Corpora- 


ers, on page 560, of the 1928 issue of the Handbook. 













































Bearings, Ball, Thrust 


Aetna Ball Bearing Mfg. Co. 
Ahlberg Bearing ‘‘o. 
Bearings ‘‘o. of America 
Fafnir Bearing Co. 









Hoover Steel Rall ('o. 
Norma-Hoffmann Bearing Corpora- 
tion 









8S K F Industries, Inc. 
Standard Steel & Bearings, Inc. 
Strom Bearings Co. 


Bearings, Bronze 
— Non-Gran Bronze Corpora- 
tion 
Federal-Mogul Corporation 
Mueller Brass Co. 


















Bearings, Die-Cast 
Federal-Mogul Corporation 









Bearings, Line Shaft 
8S EK F Industries, Inc. 







Bearings, Roller 


Hoover Steel Ball Co. 

Hyatt Roller Bearing Co. 

Norma-Hoffmann Bearings 
tion 

8 K F Industries, Inc. 


Bearings, Roller Radia! 
Timken Roller Bearing Co. 





Corpora- 















Bearings, Roller, Thrust 


Hoover Steel Ball Co. 
Timken Roller Bearing Co 














Bearings, Tapered Roller 
Timken Roller Bearing Co. 


Belting, Rubber, Canvas 
Russell Mfg. Co. 


Belts, Fan 
Russell Mfg. Co. 


Bindings 
Carter Co., George R 


Blanks, Gear 


Akron-Selle Co. 

Bethlehem Steel Co 

Central Alloy Steel Corporation 
Link-Belt Co. 

Park Drop Forge (Co. 

Union Switch & Signal Co. 
Wyman-Gordon Co. 





Blanks, Sprocket 
Akron-Selle Co. 


Bodies, Steel 
Budd Mfg. Co., E. G. 





Bolts 


Shuler Axle Co., Ine. 
Thompson Products, Inc. 


Bolts, Stripper 
Danly Machine Specialties, Inc. 


Brackets, Fender 
Smith Corporation, A. O. 






Brake-Bands 
Bossert Corporation 





Brake-Druams 
Bethlehem Steel Co. 
Bossert Corporation 
Smith Corporation, 










A. & 













Brake-Hose 
draulic 


Hydraulic Brake Co. 


Assemblies, Hy- 













Brake-Lining 
Russell Mfg. Co. 








Brakes, Air 
General Electric Co. 






Brakes, Hydraulic 
Hydraulic 







Brake Co. 





Manufacturers of Products Conforming to S.A.E. Specifications 


The addresses of companies listed in this index can be obtained from their current advertisements indexed on page 114. 


Brass Alloys 


Buckram, Leather 


Bumpers, Passenger Car 


Bushings, Babbitt 


Bushings, Bronze 


































































Handbook List of Manufactur- 


Brakes, Mechanical 


Bendix Brake Co. 


Dole Valve Co. 
Mueller Brass Co. 
Scovill Mfg. Co. 


Carter Oo., George R. 


O. G. Spring & Bumper Oo. 


Federal-Mogu! Corporation 


cREEROTET 
—— el: 


Dole Valve Co. 
Federal-Mogul Corporation { 
Mueller Brass Co. 


Bushings, Steel 


Danly Machine Specialties, Inc. 
Thompson Products, Ine. 


Cable, Insulated 


- ~¥ & Brass Research Associs- 
tion 
General Electric Co. ; 
— Insulated Wire & Cable Gs, 
ne. 
Camshafts 


Park Drop Forge Oo. 
Wyman-Gordon Ce. 


Caps, Hub 


Bossert Corporation ' 
Scovill Mfg. Co. 


Caps, Radiator 
Scovill Mfg. Co. ' 


Caps, Tank 


Akron-Selle Oo. 
Scovill Mfg. Co. 


Carbureter 
matic 


Dole Valve Co. 


Controls, Aute- 





Carbureters 


Kingston Products Corporation 
Marvel Carbureter Oe. 
Stromberg Motor Devices Co. 
Tillotson Mfg. Co. 


Casings, Radiator 
Bossert Corporation 


Castings, Aluminum 
Aluminum Oo. of America 
Bobn Aluminum & Brass Corporatio: 
Egal Metal Products Co. 
Seovill Mfg. Co. 


| 
| 
| 
| 
| 


Castings, Babbitt Metal 
Federal-Mogul Corporation 


Castings, Brass 


Bohn Aluminum & Brass Corporation 
Mueller Brass Co. 
Scovill Mfg. Co. 












Castings, Bronze 


American Non-Gran Bronze Corpor? 
tion 

Federal-Mogul Corporation 

Mueller Brass Co. 

Scovill Mfg. Oo. 
















(Continued on page 108) 
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WISCONSIN PARTS COMPANY 


Uses Nickel Alloy Steel 
for Heavy Duty Axles 


Wisconsin Heavy Duty Rear Axles, used by over 
fifty representative manufacturers of motor coaches 
and trucks, are designed to withstand the pro- 
Rear Axles longed stresses resulting from heavy loading, rough 

Acme Motor Truck Company, Cadillac, Mich. “ 
BarrowsMotorTruckCorp.,Indianapolis, Ind. roads and high speeds. All of the vital parts of this 


Biederman Motors Company ,Cincinnati, Ohio 


Butler Mfg. Company, Cleveland, ‘Ohio axle are made of Nickel Alloy Steel. 


Coleman Motors Corporation, Littleton,Colo. 


Century Motor Truck Co., Defiance, Ohio Nickel Alloy Steel is used because its unusual 
Denby Motor Truck Corp., Detroit, Mich. 


Double Drive Truck Co., Benton Harbor, Mich. mechanical properties—hardness combined with su- 
Douglas Truck Mfg. Company, Omaha, Neb. 


Eagle Motor Truck Company, St. Louis, Mo. periortoughnessand highimpact, tensileand fatigue 
Hendrickson Motor Truck Co., Chicago, Ill. 


Indiana Truck Corporation, Marion, Ind. strength values—insure exceptional resistance to wear 
Kissel Motor Car Company, Hartford, Wis. 


LeBlond-Schacht Truck Co., Cincinnati, Ohio and freedom from breakage under severe service. 


Maccar Truck Company, Scranton, Pa. 


O’Connell Motor Truck Corp., Chicago, Ill. The performance records of the Nickel Alloy 
Oshkosh Motor Truck Mfg. Co. ,Oshkosh, Wis. 
Sandow MotorTruckCo.,Chicago Heights, Il. Steel parts used by lead- 
Selden Truck Corporation, Rochester, N.Y. asain e 
Sterling Motor Truck Co., Milwaukee, Wis. ing manufacturers are 
Ward Motor Vehicle Co., Mt. Vernon, N.Y. ‘ 
conclusive evidence of 
the dependable mechan- 
ical properties of these 
Alloys. The experience 
of representative users 
has contributed to an 
extensive fund of valu- 
able technical informa- 
Left: HeavyDutyRear . . ‘ 
Axle Assembly formo- tion. You are invited to 
tor trucks and coaches . 
showing ‘Nickel Stee! consult our engineers 
shafts,manufacturedby and thus draw upon 


WISCONSIN PARTS 
CO., Oshkosh, Wis. these helpful data. 


kel 


4. FOR ALLOY STEEL 


Manufacturers Who Use 
Wisconsin Heavy Duty 










Right: Nickel Steel 
gears and pinions of 
Wisconsin HeavyDuty 
Rear Axle 









Send for “ Buyers’ Guide to 
Nickel Alloy ‘ Steel Products” 


y For > 
STRENGTH 
( WHERE THE 
\ STRESS 
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Castings, Die 
Franklin Die-Casting Corporation 


Castings, Die-Cast 
Franklin Die-Casting Corporation 


Castings, Grey Iron 
Link-Belt Co. 


Castings, Malleable Iron 


Link-Belt Co. 
Timken Roller Bearing Co. 


Castings, Steel 


‘Clark Equipment Co. 
Link-Belt Co. 


Castings, Tin Alloy 
Federal-Mogul Corporation 


Chains, Block 


Link-Belt Co. 
Morse Chain o. 
Whitney Mfg. Co. 


Chains, Roller 


'Link-Belt Co. 
‘Whitney. Mfg. Co. 


Cliains, Silent 


}Link-Belt Co. 
«Morse Chain Co. 
Whitney Mfg. Co. 


Chains, Timing and Automatic 
Adjustments 


Link-Belt Co. 


Channels, Window Glass 
Dahlstrom Metallic Door Co. 


Checks, Door 
Carter Co., George R. 


Chucks 
Bullard Machine Tool Co. 


Clamps 


Danly Machine Specialties, Inc. 


Clamps, Hose 


Schrader’s Son, Inc., A. 


Clamps, Wire and Tubing 
Akron-Selle Co. 


Cleaners, Metal 
Oakite Products, Inc. 


Clutches, Engine 


Borg & Beck Co. 

Fuller & Sons Mfg. Co. 
Long Mfg. Co. 

Spicer Mfg. Corporation 
Unit Corporation of America 


Clutches, Power Transmission 
Link-Belt Co. 


Cecks, Drain 
Dole Valve Co. 


Cells, Ignition 
Bosch Magneto Co., Inc., Robert 


Compounds, Phenolic Molding 
General Plastics, Inc. 


Compressors, Air 


General Electric Co. 
Wisconsin Motor Co. 


Condensation Products 


Bakelite Corporation 
General Plastics, Inc. 


Conduit, Flexible, Non-Metallic 
General Electric Co. 


Cennecting-Rods 
Bethlehem Steel Co. 


Cennecting-Rods, Aluminum 
Aluminum Co. of America 


Cennections, Tire-Pump 
Gehrader’s Son, Inc., A. 


Cooling Systems 


G & O Mfg. Co. 
Long Mfg. Co. 


Couplings, Flexible 
Spicer Mfg. Corporation 


Couplings, Tubing 


Dole Valve Co. 
Titeflex Metal Hose Co. 


Covers, Spring 
Houde Engineering Corporation 


Cranks, Starting 
Thompson Products, Inc. 


Crankshafts 


Bethlehem Steel Co. 

Park Drop Forge Co. 
Union Switch & Signal Co. 
Wyman-Gordon Co. 


Cups, Grease 
Link-Belt Co. 


Cups, Priming 
Dole Valve Co. 


Cut-Outs 
North East Electric Co. 


Cutters, Woodruff 
Whitney Mfg. Co. 


Cutting Compounds 
Oakite Products, Inc. 


Die Makers’ Supplies 
Danly Machine Specialties, 


Die Sets 
Danly Machine Specialties, Inc. 


Differentials 


New Process Gear Co., Inc. 


Door-Caps 
Dahlstrom Metallic Door Co. 


Drills, High-Speed 
Clark Equipment Co. 


Drop-Forgings 


Bethlehem Steel Co. 

Park Drop Forge Co. 
Spicer Mfg. Corporation 
Union Switch & Signal Co. 
Wyman-Gordon (Oo. 


Durometers 
Shore Instrument & Mfg. Co. 


Dynamometers, Chassis 
General Electrie Co. 


Dynamometers, Engine 
General Electric Co. 


Engines, Industrial 


Continental Motors Corporation 
Wisconsin Motor Co. 


Engines 


Continental Motors Corporation 
Waukesha Motor Co. 
Wisconsin Motor Co. 


Equipment, Arc-Welding 


General Electric Co. 





Facings, Clutch 
Russell Mfg. Co. 


Inc. 


Fans, Radiator 
Detroit Carrier & Mfg. Co. 


Felloe-Bands, Motor-Truck, 
Pneumatic Tire 


Motor Wheel Corporation 


Felt 
American Felt Co. 


Filters, Gasoline 
Tillotson Mfg. Co. 


Filters, Oil 
Kingston Products Corporation 


Finish, Automobile Body 
Arco Co. 


Flanges, Hub 
Bossert Corporation 


Floors, Metal 
Dahlstrom Metallic Door Co. 


Forgings, Aluminum 
Aluminum Co. of America 


Forgings, Brass 


Mueller Brass Co. 
Scovill Mfg. Co. 


Forgings, 
Bronze 


Mueller Brass Oo. 


Nickel Silver, and 


Frames, Pressed Steel 
Smith Corporation, A. O. 


Furnace, Electric 
General Electric Co. 


Fuses, Electric 
General Electric Co. 


Gages, Gasoline 


Akron-Selle Co. 
Nagel Electric Co., Inc. 


Gages, Inspection 
Danly Machine Specialties, Inc. 


Gages, Oil 


Akron-Selle Co. 
Nagel Electric Co., Inc. 


Gages. Tire Pressure 
Schrader’s Son, Inc., A. 


Gaskets 
Aetna Rubber Co. 


Gasoline 
Ethyl Gasoline Corporation 


Gearboxes, Power Take-Off 


Fuller & Sons Mfg. Co. 
Unit Corporation of America 


Gears, Bevel 
Link-Belt Co. 


Gears, Composition 
General Electric Co. 


Gears, Differential 
New Process Gear Co., 


inc. 





| Gears, Fibre 
General Electric Co. 


Gears, Reduction 
Link-Belt Co. 
Waukesha Motor Co. 


Gears, Spur 
Link-Belt Co. 


a 


Gears, Steering 


Ross Gear & Tool Co. 
Warner Corporation 


Gears, Timing 
General Electric Co. 


Gears, Transmission 


Link-Belt Co. 
Wyman-Gordon Co. 


Generators (Standard Moun. 
ings) 


Bosch Magneto Co., Inc., Robert 
Blectric Auto-Lite Co. 

General Electric Co. 
Leece-Neville Co. 

North East DBlectric Co. 


Gimps 
Carter Co., George R. 


Gloves, Rubber 


Glycerine Producers’ Association 


Governors 


Kingston Products Corporetion. 


Grinding Compounds 
Oakite Products, Inc. 


Handtes, Door 


Mueller Brass Co. 
Ternstedt Mfg. Co. 


; 
; 
Aetna Rubber Co. 
Glycerine, Radiator 
Hardware, Body | 
Ternstedt Mfg. Co. 
Head-Lamps 
Bosch Magneto Co., Inc., Robert 


Heaters, Forced Draft 
Monroe Auto Equipment Co. 


Hoists, Electric 
General Electric Co. 


Holders, Die 
Danly Machine Specialties, Ine. 


Hood Corners 
Carter Co., George R. 


Horns, Electric-Driven 


Bosch Magneto Co., Inc., Robert 
North East Electric Co. 


Housings, Axle 


Bossert Corporation 
Pittsburgh Steel Products Co. 
Smith Corporation, A. vu. 


Hubs, Wheel 


Bossert Corporation 
Budd Wheel Co. ' 
Smith Corporation, A. O. 


Ignition-Generators 


Bosch Magneto Co., Inc., Robert 
North East Electric Co. 


Ignition Units 


Bosch Magneto Co., Inc., Robert 
North East Electric Co. 


Ingots. Aluminum 
Aluminum Co. of America 


Instruments, Precision Meat 


uring : 
Norman-Hoffmann Bearings Corpor) 
tion 
Instruments, Scientific 
Shore Instrument & Mfg. Co. 


Insulation, Electric 


Bakelite Corporation 
General Electric Co. 


Insulation, Molded 
Bakelite Curporation 


Joints, Ball-and-Socket 
Thompson Products, Inc. 





(Continued on page 110) 
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IN COSTS AND SERVICE 


ONG life and ability to stand up under the 
soe severe service are the outstanding 
characteristics of FEDERAL RADIAL BALL 
retin | BEARINGS. That is why well-informed 
| engineers invariably select “FEDERALS” in 
preference to other bearings. Sturdy reliability 
and inherent quality can only mean greater 
economy for manufacturer as well as user. 


sociation 


»., Robert We shall be pleased to forward 
rt samples, quotations and complete 
dives information to those interested 


Send for Data Sheets 


‘ies, Ine. 


THE FEDERAL BEARINGS CO., Inc. 
Poughkeepsie, New York 


Detroit Sales Office: 1121 Book Building 


ots Co. 
U. 


c., Robert 


ica ' 
' 
iom Meaty 


ings Corpor 


fle 
‘g. Co. 
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Joints, Universal 
Mechanics Universal Joint Co. 
Spicer Mfg. Corporation 


Keys, Woodruff 
Whitney Mfg. Co. 


Lacing, Hood and Radiator 
Russell Mfg. Co. 


Lacquer, Pyroxylin 
Arco Oo. 


Lamps, Electric Incandescent 
General Electric Co. 


Lamps, Mercury Vapor 
Cooper Hewitt Blectric Co. 


Lamps (See Head-Lamps) 


Lathes, Chucking 
Bullard Machine Tool Oo. 


Lathes, Turret 
Bullard Machine Tool Co. 


Leather 
Carter Oo., George R. 


Lights, Spot 
Bosch Magneto Co., Inc., Robert 


Links, Drag 
Thompson Products, Inc. 


Lubricating ‘ystems 


Bassiek Mfg. Co. 
Bijur Labricating Corporation 


Lubrication, Automatic 
Madison-Kipp Corporation 


Lubricators, Cylinder 
Madison-Kipp Corporation 


Machines, Automatic 


ing 
Bullard Machine Tool Co. 


Machines 
Spindle 


Bullard Machine Tool Co. 


Machines, Balancing 
Olsen Testing Machine Oo., Tinius 


Machines, Boring (Vertical) 
Bullard Machine Tool Co. 


Machines, Boring, Turning 
and Facing (Vertical) 


Bullard Machine Tool Co. 


Machines, Chucking 
Bullard Machine Tool Co. 


Machines, Chucking and 
Turning 


Bullard Machine Tool Co. 


Machines, Milling 
Whitney Mfg. Co. 


Machines, Multiple Spindle 
Bullard Machine Tool Co. 


Machines. Power Transmis- 
sion 
Link-Belt Co. 

Machines, Screw (See Screw 
Machines) 


Machines, Testing 
Olsen Testing Machine Co., Tinius 


Machines, Turret 
Bullard Machine Tool Co. 


Magnetos 
ings) 


Bosch Magneto Co., Inc., Robert 


Chuack- 


Automatic Multiple 


Automatic 


(Standard Mount- 


| 






























Metal, Monel 
International Nickel Co. 


Mills, Vertical Boring and 
Turning 


Bullard Machine Tool Co 


Molded Products, Phenolic 
Compound 


General Plastics, Inc. 


Moldings, Cold-Drawn Steel 
Dahlstrom Metallic Door Oo. 


Moldings, Wire On 
Carter Co., George R. 


Molybdenum, Metallic 
Vanadium Corporation of America 


Motors (See Engines) 


Motors, Starting (See Starting- 
Motors) 


Nails 


American Steel & Wire Co. 
Interstate Iron & Steel Co. 


Nickel 
International Nickel Co. 


Nuts 
Shuler Axle Co., Inc. 


011-Pumps 


Kingston Products Corporation 


Oilers, Mechanical 
Madison-Kipp Corporation 


Olling Systems 
Madison-Kipp Corporation 


Ovens, Electric 
General Electric Co 


Paints, (See also Varnish. 
Enamel, etc.) 


Arco Co. 


Panels, Instrument 


Dahlstrom Metallic Door Co. 
Scovill Mfg. Co. 


Parts, Pressed Steel 
(See Stampings) 


Pencils, Drawing 
American Lead Pencil Coe. 


Pinions 
General Electric Co. 


Pinions, Starting-Motor 
Blectric Auto-Lite Or. 


Pins, Cotter 
Shuler Axle Co., Ine. 


Pins, King 
Thompson Products, Inc. 


Pins, Leader 
Danly Machine Specialties, Ine 


Pins, Piston 
Thompson Products, Inc. 


Pins, Steel Dowel 
Danly Machine Specialties, Inc 


Pipe Fittings 
Dole Valve Co. 
Mueller Brass Oo. 
Titeflex Metal Hose Co. 


Pistons, Aluminum 
Aluminum Co. of America 


Bohn Aluminum & Brass Corporation 


Piston-Rings 
Piston Ring Co. 
Ray Day Piston Co. 

Pliers 
Crescent Tool Co. 


Powder, Aluminum Paint 
Aluminum Co. of America 


Powerplants, Industrial 
Waukesha Motor Co 


Power Take-Offs 


Fuller & Sons Mfg. Co. 
Unit Corporation of America 


Primers 


Arco Co. 
Dole Valve Co. 


Propeller-Shafts 
Spicer Mfg. Corporation 


Pyroscopes 
Shore Instrument & Mfg. Oo 


Radiators 
G & O Mfg. Co. 
Long Mfg. Co. 
Modine Mfg. Oo. 


Rails, Robe 
Carter Co., George R 


Reamers 
Clark Equipment Co 


Regulators, Temperature 
Dole Valve Co. 


Regulators, Window 
Ackerman-Blaesser-Fezzey, Inc 
Ternstedt Mfg. Co 


Relays, Cut-Out 
North East Electric Co 


Retainers, Ball 
Aetna Ball Bearing Mfg. Co 
Bearings Co. of America 
Bossert Corporation 


Ribbons, Fender 
Dahlstrom Metallic Door Co. 


Rims, Pneumatic Tire 
Bethiehem Steel Co. 
Motor Wheel Corporation 


Rims, Solid—Rubber Tires 
Bethlehem Steel Co. 


Rings, Welded Steel 
Akron-Selle Co. 


Rivets, Brass and Copper 
Scovill Mfg. Co. 


Rivets, Steel 
Interstate Iron & Stee! Co 


Rod. Aluminum 
Aluminum Co. of America 


Rod, Brake 
Thompson Products, Inc 


Rod, Brass 
Mueller Brass Co 
Scovill Mfg. Co. 


Rod, Bronze 
Mueller Brass Co. 
Scovill Mfg. Co 


Rod-Ends 
National Lock Washer Co. 
Thompson Products, Ine. 


Rod, Free-Cutting Brass 
Copper & Brass Research Associ. 
tion 
Mueller Brass Co. 
Scovill Mfg. Co. 


Rod, Naval Brass 


Copper & Brass Research Associ. 
tion 


Mueller Brass Co. 
Scovill Mfg. Co. 


Rod, Tie 
Thompson Products, Inc. 


Rod, Torque 
Thompson Products, Inc. 


Roller Bearings (See Bear. 
ings, Roller) 


Running-Boards 
Smith Corporation, A. O. 


Scleroscopes 
Shore Instrument & Mfg. Co 


Screw Drivers 
Creseent Tool Co. 


Screw-Machine Products 
Akron-Selle Co. 
Aluminum Co. of America 
Barnes Co., Wallace 
Commonwealth Brass Corporatios 
Dole Valve Oo. 
Link-Belt Co. 
Mueller Brass Co. 
New Process Gear Oo., Inc 
Scovill Mfg. Co. 
Spicer Mfg. Corporation 


Screws, Cap 
Mechanics Universal 
Scovill Mfg. Ce. 
Shuler Axle Co., 


Joint Co 
Inc. 


Screws, Drive, Steel 
Parker-Kalon Corporation 


Screws, Machine 


Scovill Mfg. Oo. 


Screws, Self-Tapping, Steel 
Parker-Kalon Corporation 


Screws, Sheet Metal, Steel, Self- 
Tapping 


Parker-Kalon Corporation 


Screws, Wood 


Interstate Iron & Steel Co 


Sets, Die 


Danly Machine Specialties, Inc 


Shafts, Propeller 
Pittsburgh Steel Products Co. 
Spicer Mfg. Corporation 


Shapes (Extruded 
Bronze) 


Mueller Brass Co. 
Scovill Mfg. Co. 


Brass uni 


Sheets, Aluminum 


Aluminum Co. of America 


Sheets, Brass 


Copper & Brass Research Asset 
tion 
Scovill Mfg. Co. 
Sheets, Copper 
Copper & Brass Research Assoc 


tion 
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Mama dear, 
| . ” 
el, Self. | did Father rob a bank? 
“No darling, the poor dumbell only neglected to have our 
brakes lined with Rusco, and the kind policeman is just telling 
him that it is wicked to block traffic during rush hour on a 
busy street.” 
‘ | Holds in WET Weather as Well as in Dry 
Rusco Brake Lining is treated with a special, RUSCO secret com- 
} pound, so that water has no effect on its efficiency. 
Ine H Rusco repair men pay more for Rusco than for ordinary 
' lining, but they do not charge you any more. They use special 
mechanical equipment that insures expert adjustment and 
i application of Rusco. Have your brakes inspected, adjussed or 
Co j relined today at the nearest Rusco Brake Service Station. Send 
; : for free booklet. The Russell Mfg. Co., Middletown, Conn. 
Caragemen: Send today for famous Rusco proposition to the trade 
iss und 
Durak 
Bull Dog Brake Lining 
Transmission Linings for Pords 
Clutch Pacings for oli cars 
1 Assoclt 
One of a series in the Rusco 
continuous advertising program 
» Associ 





S. A. E. JOURNAL 111 


4 Car Buyers willexpect 


MORE 


in 


1929 


ACH year car buyers expect more in new 

cars. In the car of 1929 they will look 
for improved design, better mechanical per- 
formance and by no means least—more efficient 
brakes. 

Rusco Brake Lining insures superior brake 
action because it stops quicker, applies with 
less pedal pressure, and holds in wet weather 
as well as in dry. 

Millions of car owners have already had their 
brakes lined with Rusco and know these Rusco 
qualities. Millions more are learning of them 
through the Rusco continuous advertising in 
the Saturday Evening Post and hundreds of 
newspapers. 

To these motorists Rusco means brakes of 
known efficiency, and the fact that a car is 
equipped with Rusco is an assurance of quality. 

The production of a brake lining with the 
remarkable qualities of Rusco represents an 
achievement based on 98 years of manufactur- 
ing experience and the utilization of the most 
advanced engineering resources. 








Test Rusco Yourself 


To prove to yourself, Mr. Car Manufacturer, 
that Rusco actually measures up to our claims 
and improves the efficiency of automobile 
brakes, fill out the coupon below and we shall 
gladly send you, without charge, enough lining 
for the brakes of your car. 








RUSSELL MFG. CO., 

Dept. B-43, Middletown, Conn. 

Please send me free of charge and without obligation enough brake 
lining to equip the brakes of my car. 


Name of Car 


Vor} 0 satndkee.00s.4% 0 adk@awendeteeetOe 2.03 ++ taepees- ie 
FN «6 chSs Cavectecaedb Cbheee oe Ee Poshtloe. . «wat. +80 6468s one 
POISE ccvecicvss evrpmbuqen) Seb See cetsecessiesoatbbeceeceaewe 
MS Pee See ee et) ee State 


Name of Motor Co. 


‘ RUSCO BRAKE LINING 
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Shelving, Steel 
Cleveland Wire Spring Co 


Shoes, Brake 
Bossert Corporation 


Sills, Body 


Smith Corporation, A. O. 


Speed Reducers 
Link-Belt Co. 


Speedometers 
North East Electric Co. 


Spokes, Wood, Motor Truck 
Motor Wheel Corporation 


Spokes, Wood, Passenger Car 
Motor Wheel Corporation 


Spark Plugs 
Bosch Magneto Co., Inc., Robert 


Springs, Air 
American Steel & Wire Co. 


Springs, Coiled 
American Steel & Wire Co. 
Barnes-Gibson-Raymond, Inc. 
Cleveland Wire Spring Co. 
Cook Spring Co. 
Danly Machine Specialties, Inc. 
Gibson Co., Wm. D. 


Springs, Flat 
American Steel & Wire Co. 
Barnes Co.. Wallace 
Barnes-Gibson-Raymond, Inc. 
Cleveland Wire Spring Co. 
Cook Spring Co. 
Gibson Co., Wm. D. 


Springs, Leaf 
Standard Steel Spring Co. 


Sprockets, Block-Chain 
* Whitney Mfg. Co. 


Sprockets, Roller-Chain 


Link-Belt Co. 
Whitney Mfg. Co. 


Sprockets, Silent-Chain 


Link-Beit Co. 
Morse Chain Co. 
Whitney Mfg. Oo. 


Stampings 
Akron-Selle Co. 
Barnes Co.. Wallace 
Bossert Corporation 
Motor Wheel Corporation 
Scovill Mfg. Co. 
Smith Corporation, A. O. 
Spicer Mfg. Corporation 


Starter-Generators 
North East Electric Co. 


Starting-Motors (Standard 
Mountings) 
Bosch Magneto Co., Inc., Robert 
Electric Auto-Lite Co. 
Leece-Neville Co. 
North East Electric Co. 


Steel, Alloy 
Bethlehem Steel Co. 
Central Alloy Steel Corporation 
Donner Steel Co., Inc. 
Illinois Steel Co. 
Interstate Iron & Steel Co. 
Shuler Axle Co., Inc. 
Timken Roller Bearing Co. 
Union Drawn Steel Co. 


Steel, Carbon 


Barnes Co.. Wallace 

Bethlehem Steel Co. 

Central Alloy Steel Corporation 
Donner Steel Co., Inc. 

Illinois Steel Co. 

Interstate Iron & Steel Co. 
Shuler Axle Co., Inc. 

Timken Roller Bearing Co. 
Union Drawn Steel Co. 


Steel, Cold Drawn 
American Steel & Wire Co. 


Steel, Electric Furnace 
Timken Roller Bearing Co. 


Steel, Leaf Spring 
Central Alloy Steel Corporation 


Steel, Molybdenum 
Central Alloy Steel Corporation 


Stock, 





Steel, Non-Corrosive 


Bethlehem Steel Co. 


Steel, Open Hearth 


Timken Roller Bearing Co. 


Steel, Rivet 


Bethlehem Steel Co. 
Illinois Steel Co. 
Interstate Iron & Steel Co. 


Steel, Sheet and Plate 


American Sheet & Tin Plate Co 


Steel, Special Analysis 


Timken Roller Bearing Co 


Steel, Tool 


Rethlehem Steel Co. 
Timken Roller Bearing Co. 


Steel (See Steel, Sheet) 


Strainers, Gasoline 


Stromberg Motor Devices Co 


Straps, Door-Stop 


Carter Co., George R 


Straps, Tire and Truck 
Russell Mfg. Co. 


Straps, Top 
Russell Mfg. Oo. 


Strip, Phosphor Bronze 


Copper & Brass Research Aasocia 
tion 


Studs, Ball 
Thompson Products, Inc. 


Supplies, Die Makers’ 
Danly Machine Specialties, Inc 


Switches, Starting 


Electric Auto-Lite Co. 
Leece-Neville Oo. 
North East Electric Co. 


Systems, Fuel-Supply 
Kingston Products Corporation 


Tacks 


American Steel & Wire Co. 
Interstate Iron & Steel Co. 


Tanks, Vacuum 
Kingston Products Corporation 


Tape, Friction 
Firestone Tire & Rubber Co. 


Tape, Insulated 
Kerite Insulated Wire & Cable Co 


Tappets 
Thompson Products, Inc. 


Testers, Hardness 
Shore Instrument & Mfg. Co. 


Thermometers, Distanee-Type 
Moto Meter Co., Inc. 


Thermometers, Radiator-Type 
Moto Meter Co., Inc. 


Thermostats 
Dole Valve Co. 


Timer-Distributors 


Bosch Magneto Co., Inc., Robert 
Dlectric Auto-Lite Co. 
North Bast Electric Co. 


Tire Carriers 
Detroit Carrier & Mfg. Co. 


Tire Locks 
Detroit Carrier & Mfg. Co. 


Monroe Auto Equipment Co. 





Tire Pumps, Hand, Self Oiling 


Tire-Pumps, Transmission 


Type 
Detroit Carrier & Mfg. Co. 


Tires, Industrial Track 
Firestone Tire & Rubber Co. 


Tires, Motorcycle 
Firestone Tire & Rubber Co. 


Tires, Pneumatic 
Clark Equipment Co. 
Firestone Tire & Rubber Co 
United States Rubber Co. 


Tires, Solid 
Clark Equipment Co. 
Firestone Tire & Rubber Co. 
United States Rubber Co. 


Tools, Forged Lathe 
Bullard Machine Tool Co. 


Torque-Arms 


Bossert Corporation 
Smith Corporation, A. O. 


Torsion-Rod Assemblies 
Thompson Products, Inc. 


Transmissions 


Fuller & Sons Mfg. Co. 
Mechanics Machine Co. 

Unit Corporation of America 
Warner Corporation 


Tubes, Torque 
Pittsburgh Steel Products Co. 


Tubing, Aluminum 
Aluminum Co. of America 


Tubing, Brass 


Copper & Brass 
tion 

Mueller Brass Co. 

Scoyill Mfg. Co. 


Research 


Tubing, Copper 


Copper & Brass Research 
tion 

Mueller Brass Co. 

Scovill Mfg. Co. 


Tubing, Flexible Metal 


Copper & Brass Research 
tion 
Titeflex Metal Hose Co. 


Tubing, Naval Brass 


Copper & Brass Research 
tion 
Scovill Mfg. Co. 


Tubing, Steel 


Pittsburgh Steel Products Co. 
Smith Corporation, A. O. 
Timken Roller Bearing Co. 


Tubing, Windshield 
Dahlstrom Metallic Door Co. 


Tungsten, Metallic 


Arco Co. 
Vanadium Corporation of America 


Turret Machines, Vertical 
Bullard Machine Tool Co. 


Universal-Joints 


Mechanics Machine Co. 
Spicer Mfg. Corporation 


Valves, Gasoline Needle 
Dole Valve Co. 


Valves, Poppet 


Thompson Products, Inc. 


Valves, Shut-Off 
Dole Valve Co. 


Valves, Thermostatic Water 
Control 


Dole Valve Co. 


Valves, Tire 


Schrader’s Son, Inc., A 


Varnishes, Rubbing 


Washers, Lock 


Associa- 


Associa- 


Associa 


Associa- 





Varnishes, Finishing ' 


Arco Co. 


Varnishes, Phenolic Insulating 


General Plastics, Inc. 


Arco Co. 


ee 


Washers 


Bossert Corporation 


Washers, Hardened and 


Ground 


Aetna Ball Bearing Mfg. Co 


National Lock Washer Co. } 
Shakeproof Lock Washer Co, i 
Shuler Axle Co., Inc. 


Washers, Plain 


Copper & Brass Research Associg. 
tion 


Interstate Iron & Steel Oo. 
Washers, Spring 


Barnes Co., Wallace | 


Water-Temperature Contrels 
Automatic 
Dole Valve Co. 


Webbing, Anti-Squeak 
Russell Mfg. Co. 


Webbing, Top 
Russell Mfg. Co. 


Welding Equipment 
Bossert Corporation 


Welding Rod, Bronze 
Mueller Brass Oo. 
Scovill Mfg. Co. 


Wheels, Dual Pneumatic, wit) 
Hub Integral 
Hoopes, Bro. & Darlington, Ine. 


Wheels, Expansion, Solid Tire 
French & Hecht, Inc. 


Wheels, Metal 
Budd Wheel Co. 
Clark Equipment Co. 
Hoopes, Bro. & Darlington, Ine. 
Smith Corporation, A. O. 


Wheels, Pneumatic Tires, 
Single and Dual 


French & Hecht, Inc 


Wheels, Pressed Steel Disc 
Budd Wheel Co. 
Clark Equipment Co. 
Motor Wheel Corporation 


Wheels, Steel, Industrial and 
Agricultural 


French & Hecht. Ine. 


Wheels, Trailer 
Hoopes, Bro. & Darlington, Ine. 


Wheels, Truck Rolled Steel 
Bethlehem Stee! Co. 


Wheels, Wire 
Budd Wheel Co. 


Wheels, Wood 


Hoopes, Bro. & Darlington, Ine 
Motor Wheel Corporation 


Wheels, Wood-Spokes, Meta! 
Felloes 


Hoopes, Bro. & Darlington, Ine. 
Wicks, Felt 

American Felt Co. 
Windshield Wipers 
Bosch Magneto Co., Inc., Robert 


Electric 
Stromberg Motor Devices Co. 


Wire, Aluminum 
Aluminum Oo. of America 


Wire Forms 
Barnes Co., Wallace 


Wire Products 


American Steel & Wire Co. 
Barnes Co., Wallace 
Interstate Iron & Steel Co. 


Windshield Wipers, Two Speed | 
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Advanced 
Six 


BIJUR CHASSIS 





LUBRICATION 


a ISTED among the important fea’ The increasing number of auto- 
tures in the announcement of mobile manufacturers who have 
Ine. the new Nash “400” Series is Bijur adopted the Bijur System indicates 
teel Chassis Lubrication. By onesimple the pronounced trend toward 
operation the Bijur System provides modern chassis lubrication. Al-. 
for the simultaneous oiling of 21 ready familiar to hundreds of thou- 
‘a chassis bearings of the Advanced sands of motorists and with a four 
Six—relieves the owner ofall worry year record of dependable efficiency 
oe on the score of lubrication. it is a valuable sales advantage. 
1, Ine. 
Robert 
Co. 


° 


Originators 





BIJUR LUBRICATING CORPORATION, NEW YORK 


of Modern Chassis 








Lubrication 
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Coincidental Electrolock, with metal housings cut away to show parts of Bakelite Materials. Mitchell Specialty Co., Philadelphia, Manufacturers. 


of their uniformity and unusual combination of properties 





Bakelite Materials are used because 


To be adopted as standard equip- 
ment for the large majority of motor 
cars in every price class, is an en- 
dorsement won by few devices. To 
attain this position the Electrolock 
coincidental ignition switch and lock 
had to be made of time proven ma- 
terials. 


The insulation needs of the Electro- 
lock are being met by Bakelite Mate- 
rials. In the switch end there is a 
heavy Bakelite Molded terminal block 
with molded in contacts, and a Bake- 
lite Laminated punching insulates the 
make and break mechanism. At the 
other end of the device is a tubular 
insulation part of Bakelite Molded. 


Economical production of the Bake- 
lite Molded parts is secured through 
using a nineteen cavity mold for 
one part and a sixteen cavity mold 
for the other. 


Bakelite Engineering Service 


Intimate knowledge of thousands of 
varied applications of Bakelite Ma- 
terials combined with eighteen 
years’ experience in the develop- 
ment of phenol resinoids for indus- 
trial uses provides a valuable back- 
ground for the cooperation offered 
by our engineers and _ research 
laboratories. 


BAKELITE CORPORATION 
247 Park Avenue, New York, N. Y. Chicago Office, 635 West 22nd Street 
BAKELITE CORPORATION OF CANADA, LTD., 163 Dufferin Street, Toronto, Ont. 


“The registered Trade Mark and Symbol shown above may be used only on products made from materials 
manufactured by Bakelite Corporation Under the capital ““B" is the numerical sign for infinity, or unlimited 
quantity It svmbolizes the infinite number of present and future uses of Bakelite Corporation's products.” 
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THERE IS A SILENT SERVANT 
UNDER THE HOOD OF YOUR CAR 
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NNOTICED, un- 

thought of, the 
timing chain performs 
its vital service in the 
“front end’’ of thousands of cars. It 
runs so quietly—it is so dependable 
and enduring, that you scarcely know it 
is there. And, yet, it is the very heart 
of the automobile engine. 


To win its enviable reputation in the 
industry, the Link-Belt Automotive 


LINK-BELT COMPANY 


Silent Timing Chain 
has proved the unique 
worth of Link-Belt 
Link-Belt 
painstakingly-accurate construction, and 
Link-Belt performance. 


design, 


Timing-chained by Link-Belt is assurance 
that the motor “front end” will operate 
quietly. Standard equipment on 45 Auto- 
mobiles, 24 Auto motors, 10 Busses, 
31 Trucks, and 10 Marine Motors. 


INDIANAPOLIS DETROIT 


LINK- BELT 


AUTOMOTIVE SILENT TIMING CHAIN 
ONS) 


3501 


September, 1998 
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he X-ray eye 


of the Buying Public 


must be recognized 


Experience has equipped today’s car buyer with the ability 
to detect weak spots in body construction and appointment. 


Body hardware fittings and equipment can be either a sales 
deterrent or a powerful sales advantage. 


The enduring beauty of Ternstedt fittings materially assists 
in the sale of a car. Ternstedt quality in the hidden body 
hardware helps to keep the car sold. 


EXPORT 
ORGANIZATION 
Overseas Motor 


Service Corporation MANUFA CTU zoe! N G CO Me * 


New York, N. Y Worlds Largest Manufacturers & 4 pa of Automobile Body Hardware 
DETROIT 4. ((@)) U. S.A. 
nw Se), 
SEY 


UNIT OF FISHER BODY CORPORATION 





Nationally advertised 
Fittings Ternstedt 
provide an added sales 
advantage to progres- 
sive car builders. 
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A thousand devils of travel—thrust and 
tear at the pinion drive—only the best 
bearings are good enough to serve—to 
save—to survive. 


Perhaps this accounts for the manner in 
which sentiment swings unmistakably 
to Timken. 


For Timken Bearings are more than 
anti-friction. They are fully thrust-radial, 
provide greater load carrying capacity 
that sets at defiance the thrust and shock 
from any and all directions. Extra miles 
of smooth, quiet, trouble-free travel are 
assured only by Timken tapered con- 
struction, Timken POSITIVELY ALIGNED 
ROLLS, and Timken-made electric steel. 


THE TIMKEN ROLLER BEARING CO., CANTON, OHIO 


’ Tapered 
Roller 


DOWNHILL 
BACKLASH 


TO SERVE::TO SAVE::TO SURVIVE 
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